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PREFACE 

.CTERIOLOGT is an essential branch of Pathology, of such 
that it is gradually becoming a necessary, if 
compulsory, element in the study of Medicine. As 
matter of tact, most Faculties and Universities granting 
Diploma or Degree in Public Health demand throe 
months' practical instruction in Bacteriology. It is only 
by putient laboratory work that Bacteriology can be 
taught in such a manner as to serve any useful purpose. 

One of the chief difficulties in the practical instruction 
[which has presented itself to us has been the want of a 
Buitable handbook for the laboratory. Tho student has 
felt this ivant as much as his teachers. He cannot be 
expected to dig the necessary information out of large 
fiad voluminous testrbooks, which, moreover, aro often 
ificient in nil practical details. At St. Bartholomew's 
Hospital we have been in the habit of giving out slips with 
full directions about the work to be done from day to day. 
This method enttiiU a certain amount of disagreeable 
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trouble on the part of the lecturer, and finds only partial 
fayour with the student. 

We have therefore ventured to collect and put together 
the slips and notes in the form and shape of a small hand- 
book, which, though originally intended for use at the 
laboratories of St Bartholomew's Hospital, we hope may 
supply a want felt elsewhere. The work is divided into 
Lessons, and the book is arranged in three parts, of which 
Parts L and IL (Elementary Bacteriology and Bacteriologi- 
cal Analysis) encompass three months' work, as required 
for the Diploma of Public Health at London and Cambridge. 
Naturally, we have adhered to our own system of teaching, 
which represents that used for some years at the Pathologi- 
cal Laboratories of Cambridge University and St Bartholo- 
mew's Hospital A few explanatory remarks, therefore, 
appear necessary. 

At St Bartholomew's Hospital we invariably begin with 
an Elementary Course (Part L), which extends over five to 
six weeks (three lessons a week). All media are supplied, 
so that the simpler methods of work, inoculations, cultiva- 
tions, staining, etc., may be quickly acquired and the 
student may become acquainted with the general principles. 
The rest of the term is then devoted to Bacteriological 
Analysis (Part II. ), which includes the preparation of the 
various media, and the analysis of air, water, food, etc., 
the examination of filters, disinfectants, etc. As far as 
possible we have given full directions, but these Lessons 
are not intended to supplant the demonstrator, nor do 
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rttey preteud to cover the whole ground of Practical 

Bacteriology. In three months it is impossible to teach 

or to learn much. Hence we have attempted to make the 

IS representative as possible, and to introduce the 

■Btudent to the more important analytical studies and prob- 

Parts I. and II. are especially arranged to suit the 

jqnirementa of candidates for one or other Diploma in 

■ublic Health, 

We have always described methods which we use our- 
elvea, and in all cases we have given frankly and without 
serve what we consider to be the quickest or the best 
lethod. Every laboratory has its own ways and means, 
"short cuts," and we might almost aay its " secrets." 
We have divulged all our own, not because we flatter our- 
selves that there are no better methods, but because we have 
found from practical experience that most methods depend 
in their execution on some small detail which is frequently 
withheld from the beginner. These so-called " laboratory 
tips," which are acquired through experience and practice, 
are often omitted in descriptions of special methods, 
because they seem unimportaDt, or possibly too precious. 
Methods which require acquaiDtonce with glass-blowing, 
or which recommend themselves readily enough to old 
hands but seem unstuted to the inexperienced, have been 

Iurposely left out. 
We confess at once that the methods described in these 
iBBBons for the most part are not our own. They have 
(en carried away from the various laboratories in which 



it has been our privilege to work. Often, no doubt, they 
have been somewhat modified or rearranged for the purpose 
of ioatruction. We feel, however, that we must give ex- 
pression to our indehtedneaa to Dr. E. Klein for many hints 
and methods which were legitimately acquired hy us from 
his laboratory. Many, if not most, of tho useful methods 
of Bacteriological Analj'sia current in this country have 
emanated thence, and wa therefore do not hesitate to 
acknowledge gratefully all tho assistance which consciously 
or unconsciously we have derived from that liberal source, 
The third part of this little book forms, so to speak, an 
appendix to the two previous parts, and comprises an intro- 
duction to Bacteriological Chemistry for those who are 
desirous of devoting some of their time to advanced in- 
vestigation and research work. Bacteriological Chemiatry 
is yet a young and unfledged science, even more unsatis- 
factory than Physiological Chemistry. We have therefore 
selected a few points in the shape of exercises which are 
either of classical importance or essential for research. 

A. A.K. 
J. H. D. 

LoNDOM, Slat DeoembtT 1894. 
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Cetbods of Inocolation— Action o! Light, Oxygen, and TutitiKiratiire 
a the Growth and Metabolism of Bacteria— Chromogenio Organ- 
iama — Liijuoractina of Gelatine. 

Methods of Inoculation 

fERAL coloured organisms are supplied for inoculation 
t various solid media. Students should come to some 
Sarrangement between themselves and divide the work so aa 
to economise the materials. 
Organiama aoppiied — 

1, Bacillus prodigiosus. 
3. Bacillus fluorescens. 
3. Bacillus pyocyaneus. 
i. Aspergillus niger. 

5. Sarcina lutea. 

6. Torula alba- 

7. Staphylococcus cereus flavus. 

8. Staphylococcus pyogenes aureus. 

(I) Make two agar-agar streak cultures of Bacillus pro- 
Place one in the warm incubator at 38° C, and 
lihe other in the cool incubator a,t 20° C. 

Examine after forty-eight hours : the tube kept at 




38° 0. will show a copious white growth, while 
the other tube will show a pink or red growth. 
Now keep both tabes at 20" C. The growth 
originally kept at 38° C. may gradually develop 
pigment, but at times it has permanently lost its 
chromogenic properties. 

(2) Inoculate two sloped agar-agar tubes with u single 
loop of a broth culture of Bacillus pyocyaneus (eighteen 
hours old), distributing the material over the entire earface 
of the agar-agar. 

Expose one tube to the light and keep the other at 
the ordinary temperature of the room protected 
from the light. 

Examine them on successive days : the tube exposed 
to the light shows restricted growth, or perhaps no 
growth at all, in any case limited production of 
pigment, while the other tube will show a copious 
growth, the culture medium at the same time 
becoming bright green. Light, therefore, has an 
inhibitory action on the growth and activity of 
the Bacillus pyocyaneus, which is more marked 
the longer the rays of the sun are allowed to act, 
and the leas material is used for inoculation. 

(3) Eepeat the experiment with tlie Bacillus prodigiosus. 
Inoculate two sloped agat-agar tubes with a single loop 

of a pigmented broth culture of Bacillus prodigiosus (about 
a week old), distributing the material over the entire 
surface of the agar-agar. 

Keep one tube opposite a sunny window- at the ordinary 
temperature of the room, and the other at the same tem- 
perature but protected from the light 
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Growth will take place in both tubes, but the tube 
exposed to light will show less pigment than the 
tube kept in the dark.^ 
(i) Tlie Bacillus prodigiosua requires oxjgen for its 
pigment production. 

(a) Draw out a fine capillary pipette and fill ita bulb with 
a small quantity of a fresh broth culture of the Bacillus 
prodigiosus (eighteen hours old). This is best done in 
the following manner. 

(6) Fuse both ends of the freshly made pipette, which is 
naturally sterile, and thrust it through the loosened cottoo- 
wool plug into the culture Suid, breaking its point by 
pusb'ng it against the bottom of the tube. 

(c) As the balb of the pipette cools the liquid is 
gradually sucked up. When the pipette is full, withdraw 
it and again fuse the broken end. 

(d) Now sterilise the other end by passing it several 
times quickly through the flame and push it through the 
loosened cotton-wool plug into a atab gelatine tube, 

(e) When it has cooled down BufBciently, thrust it 
through the gelatine against the bottom of the tube in 
order to break the end of the pipette. 

(/) Then withdraw it into the centre of the gelatine 
and apply gentle warmth to the bulb, until a minute drop 
of the liquid exudes. 

(g) Now allow the bulb to cool again, and when the 
liquid has run back, withdraw the pipetta In this manner, 

' This ia contrary to the axperience of eoma obEerverB, who state 
that the intensity of pigmentation Tariea directly with tbe amoont of 
"it snpplied. 
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provided the pipette was fine enough, the deeper part of 
the gelatine only is inoculated. 

Keep the tube at the ordinary temperature of the 

room exposed to diffused light. 
Gradually a whitish growth appears in the depth o{ 
the gelatine, which slowly extends to the surface 
and eventually breaks through. It will now 
quickly develop its typical red pigment. 

(5) Inoculate a potato tube with Aspergillus niger by 
rubbing the material thoroughly over the slanting surface. 
Keep the tube in the cool incubator at 20° C. 

Examine after forty-eight hours: a white mould 
will be found on the surface of the potato. Later 
on a few black spots wUl appear on the white 
surface, and after a few weeks the whole growth 
will be black. 

(6) Make aji agar-agar streak culture of the Bacillus 
fluoreacens and keep the tube at 20' C, 

Examine next morning : a copious growth has 
developed on the surface of the agar-agar and the 
culture medium has assumed a light green tint. 

(7) Make a gelatine streak culture of Toi'ula alba and 
keep the tube at 20° C. 

Examine after forty-eight hours : there is no lique- 
faction of the culture medium. 

(8) Make a gelatine stab culture of Sarcina lutca and 
keep it at 20" C. 

Examine after forty-eight hours : there is a slight 
yellow growth with commencing liquefaction of 



METHODS OF INOCULATION 



Examine two weeks later : the gelatine is completely 
liquefied but clear, the yellow culture having sunk 
to the bottom of the tube. 
(9) Make a gelatine stab culture — 

(a) with Staphylococcus pyogenes aureus ; 

(b) with Staphylococcus cereus flavus, and keep 
the two tubes at 20° C. 

Examine after forty -eight hours: Staphylococcus 
pyogenes aureus liquefies gelatine, rendering it at 
the same time turbid. 

Staphylococcus cereus flavus does not liquefy it. 



LESSON n 

Tfpet of Micro- orguusms — Hicrcwoopic Examinmticm of Bacterift, 
stained and nnstamed — Staining of Micro-oiganisms with Simple 
Baale Aniline Dyes — ^Prepazmtion of Goyer-glaas FDma. 

TypcB of IGcro-oigiiiisins 

Examine microecopically the broth cultures supplied. 
Caltures supplied — 

1. Streptococcus pyogenesL 

2. Staphylococcus pyogenes aureus. 

3. Bacillus filamentosus. 
4 Torula alba. 

5. Sarcina lutea. 

(a) Clean a cover-glass (No. 1, | in. by | in.) with alcohol, 
and pass it through the flame in order to sterilise it 

(b) Under aseptic precautions with a platinum loop 
remove a drop of the culture and place it on the centre of 
the cover-glass. 

(e) Gently press the cover-glass on a dean slide and 
examine the specimen with a •^- in. oil immersion, using a 
narrow diaphragm and the concave mirror. 
Make sketches of the various specimens. 



jffiSiNG WITH SIMPLE ANILINE DYES 



f Micro-orgaiiiEiiis witli Simple Basic 
Aniline Dyes 

Examine the Bame organisms after staining witli ordinary 



e staining solutions — 

(1) To a watch-giasB containing distilled water add 
two to three drops of a filtered concentrated 
alcoholic solution of fuchsine. 

(2) To a watch-glass containing distilled water add two 
to three drops of a filtered concentrated alcoholic 
solution of gentian- violet. 

(3) Into a watch-glass filter a little concentrated 
aqueous solution of methyl en e-blue. 

(«) Clean cover-glasses as before and transfer a drop of 
flie broth culture to the centre of the cover-glass, and with 
a.d it uniformly over the surface. 

(J) Allow the film to dry in the air, covering it up with 
a watch-glass so as to protect it from the dust. 



the cover-glass three times through 
1 a pair of forceps with the smeared 



(c) When dry, pai 
. the flame, holding it 
■ surface upwards. 

(d) Now place it in a solution of 20 per cent acetic 
iCid for five to ton minutes, by which means the ground 
lubatance is removed and cleared up, 

(e) Wash the acetic acid off with distilled water, and 
dry the cover-glass between folds of filter-paper.' 



acetic acid. 



s uot alwaj-a necBBsnry to clear tlio ground aubsti 
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(/) Once more dry the film in the air and pass it 
through the flame, 

(g) Now afain the specimen hy floating it with the 
fihn surface downwards on the staining eohition. 

For Streptococcus pyogenes and Torula alba use 

fuchsine. 
For Bacillus fllamentosns use methylene-blue. 
For the Staphylococcus pyogenes aureus and Sarcinu 
Intea use gentian-violet. 

Leave the films in the stain for some time (two to 
fivo minutes), then wash in water and dry between folds 
of filter-paper; clean the unsmeared surface, mount in 
water, and examino under a high power and Oc 4, 
using no diaphragm, and the plane reflector.' 

If the specimen is successful, fla^t it off the sUdc, dry 
it again, and mount it permanently in xylol balsam. 
Examine it with a ^V in. oil immersion. 
Make drawings. 

If the specimen is not sufficiently stained, pkce it once 
more in the staining fluid, and proceed as above. 

If the specimen is overatained, it is better to prepare a 
fresh one. Weak acetic acid ( n^aa ), however, may bo used 
to decolourise it. 

Micro-organisms vary greatly in regard to their affinity 
for dyes, and, again, some dyes atfiin more quickly than 
othera Thus aqueous mctbylene-blue hardly ever over- 

' Stained upecimonssliouldaln-aya be oxaiiiineii without a iliapUragm, 
with an Abbi condenser aad a plane redcutoc ; anatained flpoeiinena 
with a narrow diayhragm and a coucava reflector nithont an Abbi 
condenser. 
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stains, while fuchsine frequently does so. It is impossible 
to give definite rules as to how long a film should be left in 
the stain. It is safest to examine the specimen off and on 
in water, and if it be understained, to continue the process 
of staining. 

Sarcinae should be stained with very dilute solutions, 
since they easily overstain. 



{ 



LESSON III 

Staining of Bacteria {continued) — Lofl3er*s Methylene-blue — Examina- 
tion of Moulda — Hanging Drop Cultures. 

Loffler's Methylene-blue 

Prepare and stain cover-glass films of the various cultures 
made during the previous lesson. 

« 

(1) Bacillus prodigiosus : agar-agar culture. 

(a) On a clean cover-glass place a small drop of sterile 
distilled water. With a sterilised platinum needle remove 
a trace of the culture, and, mixing it with the drop of 
water, spread it uniformly over the cover-glass. 

(b) Allow the film to dry in the air, and then pass the 
cover-glass three times through the flame and proceed as 
before (vide p. 9), staining the film with methylene-blue. 

If necessary, clear the film with acetic acid (20 per 
cent). 

Instead of the ordinary aqueous solution of methylene- 
blue Loffler's methylene-blue may be used with advantage. 
This is one of the best and most certain of staining 
solutions, and gives almost always good results. It is 
prepared in the following manner : — 




LOFFLER'S METHYLENE- BLUE 



Concentrated alcoholic eolutioa of methylene- blue, 

3 vols. 
Caustic potash solution 1 ; 10,000, 10 vols. 
A conveniont method of staining is to keep the staining 
solution in a wide-necked glass-stoppered pot, and to hold 
the fjlpi in the staining solution with a pair of forceps, 
^^_- gently moving it about for one or two minutes. Then 
^^^rtransfer it to water and wash off the superfluous stain. 
^^^1 (2) Stjiphylococcus pyogenes aureus ; liquefying gelatine 
^^^Kflulture. 

^^H (a) With a. loop remove a little of the liquefied gelatine 
^^Hfond spread it carefully over a clean cover-glass. 
^^H (6) Allow the film to dry in the air, and then pass it 
^^H three times through tlie Hame. 

^^^ (c) Eemovo tho gelatine by means of acetic acid in the 
usual manner, or by floating the film on warm water for 
five to ten minutes. 

((f) Stain with Loffler'a methylene-blue, wash in water, 
I dry with blotting-paper, and mount In Canada balsam. 
Examine with ^ in. oil immersion. 
(3) Torula alba : non-liquefying gelatine streak culture. 
Proceed in exactly the same manner as in the case of 
l-Bacillue prodigiosus (vide p. 12). 

Stain with aqueous gentiaa-violet or aqueous fuchsino 
f solution or vrith Liiffler's methylene-blue. 
Examine with -^ in. oil immersion. 

ExHjnination of Moulds 
Aspergillus niger : potato culture. 



(a) With a platinum loop remoTe a little of the culture 
and place it on a clean elide, 

(b) Add a drop or two of caustic potash (1-5 per cent 
Bolution) ' and allow this to act for five to ten minutes. 

(c) With filter-paper soak up as much of the caustic 
potash as possible. 

{d) Mount in Farrant's solution, and examine with a 
low and a high power, using a narrow diaphragm. 
Make a drawing of the fungus. 



Hanging Drop Cultures 

Make hanging drop cultures of 

(1) Streptococcus pyogenes. 

(2) Bacillus filamentosus. 

(a) Take four clean hollow-ground elides. With a brush 



paint a ring o 
chambers. 



vaeeline around the periphery of the hallow 
passing them 



(S) Sterilise four clean ccTver-glase 
three times slowly through the flame. 

(c) Place the sterilised cover-glasses on a eterilieed piece 
of wire gauze on a tripod and cover it over with a glass globe 
gterifised by washing it thoroughly with corrosive sublimate 
1 ; 1000. The wire gauze ie easily sterilised by heating it 



' Instead of i 
dropa of wnnioiiii 



((f) With a sterilised platinum loop place a drop of sterile 
broth or liquid gelatine (or agar-agar) on the centre of each 
oover-glaes, after allowing the cover-glass to cool. 

lustie potaah GO par cent alcohol, to whicll a few 
Imva beun ndded, m.iy lie usm!. 



(e) With a straight sterilised platinum needle inoculate 
two of the drops with a minimal trace of the StreptococcuB 
broth culture, and two with a minimal trace of Baciilns 
_filamentosu9. 

(/) Now carefully place each cover-glass on the vaseline 
; around the hollow on the slide, the drop facing, of 
^urae, downwards. 

{n) Gently press the cover-g]ass down on the vaseline, 
D as to completely shut oiT all air tmm the chamber. 
(A) Place the slides in the warm or cold incubator, 
Mrding as broth (agar-agar) or gelatine is used. 

Examine the hanging drops after twenty-four hours 
with a high power, using a narrow diaphragm. 
In the one case there will be a pure culture of 
streptococci, in the other a pure culture of filament 
ous bacilli. 

Examination of Bacteria in a Hanging Brop 
To study the motility of micro-organisms, hanging drops 
ptould be made. 

(a) Take an ordinary clean slide. 

(6) With a cork-borer cut a. small ring ^ to ^ in. in 

meter out of filter-paper, four to eight layers thick. 

(c) Trim the perforated filter-paper so as to fit the slide, 
loisten it with water, and place it on the centre of the 
lide. 

(d) With a sterilised platinum loop place a drop of a fresh 
roth culture of the Bacillus filamentosus on the centre of 

I clean Btorilisod covcr-glaaa, 
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(e) Place the cover-glass drop downwards over the central 
perforation of the moistened filter-paper. 

Examine the drop with a high power, using a narrow 
diaphragnL 

Focus for the margin of the drop, and then move the 
specimen till a bacillus appears in the field. 

Now place a drop of oil on the cover-glass, and examine 
with a -^ in. oil immersion. 

Distinguish between true and Brownian movements. 



I 



Staining of Hanging tlrop Cnltnrea — Gram's Method of St3.imng — 
Staining of Poa— Cordliag Fennont. 

■ Staining of Hanging Drop Cultures 

EacUlua fllamentosus. 
(a) Carefully remove the cover-glaaa and allow the drop 
culture to dry in the air. 

(h) Wipe off as much of the vaseline as possible. 

t(c) Pass the film thi'ee tiroes through the flame. 
(d) Carefully stain in Loffler'e methylene-blue for two 
to three minutes. 
{«) Wash very gently in water. 
' {/) Dry the film between folds of filter-paper, and when 
it IB quite dry mount in xylol balsam. 

Examine it with a high power, and then with -jV 'u. 



oil immersion, 
filaments. 



Observe the beautiful network of 



^^^P Gram's Uethod of Staining 

^^B Streptococcus pyogenes. 

^^H Stain the banging drop cultures of Streptococcus 

^^^nyogenes by this method. 



Solutions required : — 

(a) Aniline Getdian-Viokt is prepared in tlic following 



(a) First make aniline waier by ehaking up i cc. of aniline 
oil vfith 100 cc. of distilled water for one to two minutes. 

(6) Filter the' resulting emulsion through filter-paper 
moiMened with dislilted water. 

(c) To 100 cc of aniline water add 11 cc. of a concen- 
trated alcoholic solution of gentiau-violet. 

Shake the mixture thoroughly and always filter ii before me. 



be 



(y) Absolute Akohil. 

Method of staining : — 

(fl) Prepare the hanging drop culture of the Streptoe 
as described before for Bacillus filamentosus, and when the 
film is dry and has been passed through the fiame, place it 
first in alcohol for one to two minutes. 

(p) Without drying it, transfer it to the aniline gentian- 
violet, and leave it in the stain for half a minute to ona 
minute. 

(d) Soak up the BUperfluoua stain with blotting-paper. 

{d) Now place it in Oram's solution of iodine for half a 
minute to one minute. 



This solution does not keep well, 


and should thei 


prepared in small quantities. 




(^) Oram's Mine Solution .— 




Iodine crystals 
Potassium iodide . 
Distilled water 


1 gramme 
3 grammes 
. 300 cc. 




(fi) Soak up the auperfluoua iodine solution, and gently 
Trash in absolute alcohol, until no more atain comes away. 

(f) Quickly wash the alcohol off in water, and diy the 
Q between folds of blotting-paper. 

(g) When the cover-glass is quite dry, mount it in xylol 



Examine with a high power, and then with -^ in. oil 
immersion : long chains of Streptococci will be 
L, atainod dark violet. 



Prepare Oover-glass Films of a Liquefied Cultnre of Sta- 
phylococcus Pyogenes Aureus, and Stain by Gram's 
Method. 

(a) Prepare the film and pass it through acetic acid in 
the usual manner (vide p. 0). 

(6) Wash off the acetic acid with water, dry the film 
md pass it three times through the flame. 

(c) Now place the film in absolute alcohol for one to 
pwo minutes, and stain irith nmline gen tian< violet, and 
ffltinue aB above with Gram's solution, alcohol, etc. 



Stainiag of Pus 

(1) WilhTmthijUw^hhie. 

(2) By Gram's intUwd. 

(a) With a platinum loop smear a thin film of pus on 
wo clean cover-glasses. 

(6) Allow the films to dry in the air, and then pass thom 
iree times through the flame, keeping the smeared surface 
iwatdt. 



■P 


■■ m 


^^v 
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^K (') 


Place the films in 20 per cent acetic acid for three to ^| 


^^H five minutes. ^H 


H w 


Wash them in water, dry them between folds of ^| 


^^H blotting-paper, and pass them again through the flame. The ^| 


^m 61ms 


re uow ready for Etaining. ^1 


^H (1) Liijfle/s methylen^Uue. ^| 


^1 


Place one film in the stain for two to five minutes. ^H 


H (^) 


Wash in water, dry and mount in xylol lalaam. ^M 


^H 


ilxamine with ^ in. oil immersion : observo the ^H 


^^H 


leucocytes and cocci (Staphylococci or Streptococci, ^M 


^^B 


or both ; many probably in the leucocytes), ^H 


■ (2) 


Gram's method. ^H 


■ ('') 


Place the other film in absolute alcohol for one to ^M 


^^H two minutes. ^H 


H (i) 


^tain it in aniline gentian- violet forone to two minutes. ^H 


■ 


Eomove the superfluouB stain with blotting-paper. ^H 


■ 


Now place in Gram's aolution of iodine for half a ^M 


^^H minute, until the specimen turns black. ^H 


V 


Soak up the superfluous iodine solution. ^^ 


' Ifl 


Wash in alcohol till the film is almost colourless. ^M 


(g) Pass quickly through a dihitcd alcoholic Bolution of ^H 


eosine 


which stains the leucocytes and ground substance ^H 


pink. 


■ 


1 (A) 


Wash in water, dry and mount in xylol balsam. ^H 


^^L 


Examine with a high power, and then with ^ in. oil ^M 


^^H 


immersion : the piis cocci are stained dark violet, ^H 


^^H 


and also the chromatine of the nuclei ; the ground ^H 


L 


—— 1 







CURDLING FEBMEKT 



Frepaje OnltnreB of BacUlns Anthracis 
From the agar-agar culture supplied inoculate — 

(1) a potato tube; 

(2) a broth tuhe ; 

(3) an agar-agar tube (atreak) ; 

(4) a gelatiue tube (stab). 
Place (1) (2) and (3) in the warm incubator, and (4) in 

P (he cool incubator. 

Examine after forty-eight hours : observe the charac- 
teristic growths in the broth and gelatine. The 
latter is slowly liquefied. 



Curdling Ferment 






o-organisms 



will ( 



! milk, others f 



Inoculate four milk tubes with — 

(1) Bacillus fiuoi'escens; 

(2) Bacterium coli 

(3) Bacillus anthracis 
(i) BacilluB prodigiosi 

Place the inoculated tubes in the warm incubator. 
Examine the tubes after forty-eight hours : the milk 
in (I) and (2) will be coagulated, that in (3) and 
(4) may or may not bo. 



LESSON V 

Bacillus Anthracis — Mode of Growth on Various Media — Asporogenoua 
Cultures — Acid Formation by Virulent Anthrax Bacilli — Methods 
of Attenuation — Impressions (Sloped Gelatine) — Methods of 
Staining. 

Bacillus Anthracis 

(1) Examine the tubes inoculated with Bacillus anthracis 
and note the mode of growth on the various media. 

(2) Prepare a streak culture of Bacillus anthracis on 
neutral litmus agar -agar, and place it in the warm 
incubator. 

Examine it after forty-eight hours, and notice the 
change in the colour of the litmus. The colour 
gradually assumes a reddish tint on account of 
the acid produced by the bacillus. 

(3) Prepare two hanging drop cultures (broth, agar- 
agar, or gelatine) of Bacillus anthracis (vide p. 14), and 
place them in the incubator. 

(4) Inoculate a broth tube containing carbolic acid 
(1 : 1000), and keep it at 38' C. 

Examine it microscopically a week later : no spores 
will be found (asporogenous growth). 




(6) Inoculate a broth tube and place it ii 
llncubator at 43-5° C. 

Examine it microscopically a week later : 
Mill be found, and the bacilluB, 
attenuated and less virulent. 

(6) Inoculate two neutral litmus agar-agar tubes: one 
I with ordinary virulent bacilli and the other with the 
I attenuated bacillus. 

The latter produces less acid. 

(7) (a) Inoculate a tube containing a little sterilised '75 
per cent saline solution with three platinum loops of an 
agar-agar culture of Bacillus anthracis. 

(6) Shake the inoculated tube vigorously, and from it, 
I with a platinum loop, inoculate a sloped gelatine tube, 
I thoroughly streaking the surface of the culture medium. 

(e) Place the tube in the cool incubator, and when small 
• oolonies appear they are to be worked up by means of 
Jimpresaion specimens {vide infi-a p. 20). 

(8) Staining of Bacillus antbracis. 

(a) Prepare cover-glass specimens in the usual manner — 

(1) of a broth culture of Bacillus anthracis ; 

(2) of a gelatine culture ; 

(3) of an agar-agar culture, 
(i) Stain films — 

(a) With Loffler's methylene-bluo after having cleared 

ti acetic acid. 

(0) With gentian- violet after having cleai'ed with warm 
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(7) According to Gram's method (vide p. 18). 

Examine with a high power and also with ^ in. oil 
immersion: bacilli and spores will be found, the 
spores remaining unstained. 

(9) Prepare a hanging drop of a broth culture of the 
Bacillus anthracis, and examine it with -^ in. oil immersion. 

■ The Bacillus anthracis is not motile. 



Bacillua AnthraciB (amtinued) — Hanging Drop Culturea — Methods of 
StainiDg Iinpreesioua — Eiammatdoii of Freab Tissaea bj means 
I of CoTer-glaas Films— StamiDg of Laucocytea for EosmoiihilB 

■ Granulea. 

P Bacillus AntluaiCls {coiuintud) 

(1) Examine the litmus agar-agar tube inoculated with 
Bacillus anthracis, and note the gradual disappearance of 
the blue or purple colour. 

(2) Examine tho hanging drop cultures with a high 
power. 

Make a drawing. 
Sfcain (a) ono of them with Loffler's methylene -blue in 
e uBual manner (vide p. 13) ; (b) the other according to 
Oram's method. 

(3) Prepiirc a cover -glass specimen of the culture in 
irbolic acid broth and stain it with Loffler'a methylene- 

blae, or according to Gram's method. 
Note the absence of spores. 

(4) Inoculate a litmus agar-agar tube from the broth 
Culture kept at 42-5° C, and another litmus agar-agar tnbt 

a ordinary broth culture grown at 38° C. 
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Place the former in the water incubator at 42*5® C, 
and keep the latter at 38° C. 

Compare them after forty-eight to eighty hours and 
notice the difference in the tint of the litmus. The 
latter or more virulent culture decolourises the 
agar-agar more rapidly. 

Impression Specimens 

(a) Examine the sloped gelatine tubes (vide Lesson V. 7, 
p. 23) with a magnifying -glass for colonies of anthrax 
bacilli. 

(b) If found, rapidly dip the gelatine tube into boiling 
water, having previously removed the cotton-wool plug. 
This momentary heating will free the gelatine from the 
sides of the tube. 

(c) Slide the gelatine block out on to a cool black glass 
plate with the culture surface upwards, and trim the sides of 
the gelatine block with a sharp scalpel dipped in methylated 
spirit. 

(d) Select small superficial colonies and gently press a 
clean cover-slip down over them. 

(e) Now carefully remove the cover- glass with the 
impression of the colonies adhering to its under surface. 

(/) Gently warm the cover-glass and then pass it three 
times through the flame. 

(g) Stain with Loffler's methylene-blue, or according to 
Gram's method, and mount. 

Examine under a high power, and make a drawing of 
the impression. 




lation of Presh Tissues by means of OoTer-QlaBS Films 

Examiue the sploeu of the white mouse dead of 
Ebthrax, for the prosence of BuciUns anthracia, by means 
of cover-glass specimens. 

(a) Pin tlie animal out on n small board washed with 
sublimate solution (tdV!j)- 

1(b) Moisten the hair on tho abdomen and chest with 
ithylated spirit 
(c) Carefully reflect the skin of the abdomen and cbest. 
(d) Heat a small glass rod to redness in the blow-pipe, 
d rub the surface of the abdomen with it, especially 
along the linea aiba, and on each side along the costal 

(e) With a sterilised pair of forceps and scissors carefully 
open the abdominal cavity in the middle line, make two 
transverse cuts along the costal arches, and throw the flaps 
_Outwards. 

(/} With a fresh pair of sterilised forceps and scissors 

small piece of the swollen spleen and gently 

lear it, over a clean cover-glass. Prepare four films in 

way. 
(g) Allow them to dry in the air, and then pass them 
)e times through the flame. 

(A) Stain them according to tho following methods : — 
(1) In methyl one-blue without previouflly passing the 
through acetic acid. 

I) Fii*st pass the film through acetic acid in the usual 
ner and then stain with Loffler's methyl ene-blue. 



^^Knea 
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(3) Stain a film with eosine and methylene-blue. 

(a) Dip the cover-glass for a few seconds in a wide- 
necked pot containing '5 per cent solution of 
' eosine in 50 per cent alcohol. 

(J) Wash it in water, and dry it with blotting-paper. 

(c) Pass it three or four times through the flame, and 
now stain quickly in Loffler's methylene-blue. 

This method stains the eosinophile granules of the 
leucocytes and also brings out the red corpuscles. 

(4) Stain a film according to Gram's method, first passing 
the specimen through acetic acid. Counterstain with eosine. 

In each case mount in xylol balsam and examine with 
■j3^ in. oil immersion. 

Note the absence of spores and the relation of the 
bacilli to the leucocytes. 



LESSOlf vn 

sUIds AntliraciB (eo^inittd) — Plate Cultures — Staining of Spores — 
Separation of Bacillus SnbtillB &om Hay Infusion. 

Bacillus Ajithracis (a^itimied) 
jGxAuiNEthe litmus agar-agar cultures of Bacillus anthracia 
ide on Hhe last occasion. 

Note the difference in tint of the two tubes. 

Plate Oulture Uethod 

(a) Take a broth culture of Bacillus anthracis (forty- 
%ight hours old) and three gelatine tubes. 

(6) Liquefy the gelatine tubes in the warm incubator. 

(c) Shake the broth culture, and from it inoculate the 
first gelatine tube with three platinum loops, and label it I. 

(d) From I., after shaking, inoculate the second gelatine 
tube with three platinum loops, and label it II 

1(e) From II. similarly inoculate the third tube, and label 
am. 
(/) Take three Bterilised Petri's capsules and place them 
on moist filter-papers, and label them L IL and III. 
(g) Now heat the mouths of I. II. and III. in the flame 
sod allow them to cool 



(A) Pour out each gelatine tube, after | 
, into the correapondiog capsule. 

(i) Allow the gelatine to set in a uniform layer, and 
■hen set, place the capsules in the cool incubiitor. 

Examine on the next occasion : colonies will appear 
on each plate, naturally most numerously on plate 
I. and least on plate III. (inde infra p. 34). 



Staining of Sporea ^ 

Bacillua filamentoaus, or anthracis, or megatherium (agar- 
agar or potato culttirea). 

Solutions required : — 

(a) Ehrlich'a, Lijffler's, or Ziehi's fuchsine. 

(^) Acid alcohol : alcohol 97 cc., hydrochloric acid 3 cc. 

(j) Loffler'a methylene-blue. 

Ehrlidi's jvxhsine : Aniline water 100 cc. 

Concentrated alcoholic solution of 
fuchsine 11 co. 

This staining solution does not keep well, and there- 
fore only small quantities should be made at a 
time. 

Loffler'a fuch&ine : Aniline water 100 cc. 

Fuchsine crystals 4 to 5 grammes. 

1 per cent solution of caustic soda 1 cc. 

Shalfe till dissolved (about half an hour). 
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Ziehl's fudmne : 6 per cent aqueoa'i solution of carbolic 
acid 100 cc. 
Concentrated alcoholic sol'itioo of 
fuchsine 11 cc. 
All these sduiions must ^ftUered before use. 
First Method. 

(a) Prepare a film iu the usual manner and pass it three 
temes through the flame. 

(b) Filter some of the fuchsine solution into a small 
evaporating dish iind gently warm it, keeping it jiist 



^0!uu 



(c) Float the cover-glasSj film surface downwards, on the 
warm stain and continue gentle warming for twenty to 
thirty minutes. 

(d) Now wash the specimen in water. 
(«) Dip it for a few seconds in the acid alcohol, and at 

wash it again ia water to remove the acid. 
(/) Examine it in water, under a high power, for spores, 
which should appear as round or oval red bodies, the 
bacilli themselves being faintly pink or unstained. 

If the spores are unstained or too much deoolouriacd, 
place the film back in the fuchsine solution, and 
decolourise for a shorter time in the acid alcohol. 
If, on the other hand, the bacilli are not sufficiently 
decolourised, dip the cover-glass once more into 
the acid alcohol. 
(g) When the spores are well stained, and the bacilli 
itically unstained, dry the specimen with blotting-paper 
pass it three times through the flame. 
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(A) Now counterstain with Loffler's methylene-bhie, wash 
in water, dry and mount. 

Examino with ^ in. oil immersion : the bacilli are 

blue and the spores red. 
Make a drawing. 

The Bporea of the Bacillus filamentosus and the 
Bacillus megatherium are more easily stained than 
those of the BaciUua anthracis. 

Secmvl Method,. 

(a) Prepare a film in the usual manner, 

(i) Pass it three times through the Same. 

(c) Place it for two minutes in absolute alcohol, and for 
further two minutes in chloroform. 

{(f) Wash the film in water, dry it between blotting- 
paper, and pass it again three times through the flame. 

(e) Leave it for two minutes in a 5 per cent solution of 
chromic acid, and then wash it in water, and dry it between 
blotting-paper. 

(/) Once more pass it three times through the flame, and 
place it in a warm solution of carbol fuchsiiie for five to 
fifteen minutes. 

{g) Einso the film in water, and decolourise in 5 pec cent 
sulphuric acid, till the specimen is faintly pink. 

(A) Wash it in water and counterstain in malachite 
green. 

(i) Wash again, dry and mount. 

The spores are red and well skiined, the bacilli green. 
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Separation of the Hay Bacillus (Bacillus subtilis) 

out of Hay Infusion. 

Six tubes containing hay infusion are supplied. 

Heat them for five, ten, fifteen, twenty, twenty-five and 
thirty minutes respectively in water at 80** C. 

From each tube inoculate a broth tube with three 
platinum loops of the infusion and label them. 

Keep the six tubes in the cool incubator and examine 
them on the next occasion. 

Pure cultiu-es of the hay bacillus will probably be 
obtained. 



Bacillus Anthracis (concluded) 

With a dissecting microscope examine the plates, made on 
the previous occasion, for colonies of anthrax bacilli. 

Observe the characteristic appearance of the colonies. 

Now place a clean cover-glass over a colony and examine 
it with a high power. 

Make a drawing. 

Imjpression specimens. 

(a) Take a perfectly clean cover-glass, sterilise it by pass- 
ing it through the flame, and place it over a suitable colony. 

(b) With a needle carefully press the cover-glass down, 
until the colony is slightly flattened out. 

(c) With a sterilised needle lift the cover-glass with the 
colony adhering to it from the surface of the gelatine ; then 
proceed as described before (vide p. 26). 



rt 






LESSON VIII 

Bacillus Anthracis {concluded) — Impression Specimens (Gelatine Plates) 
— Staining of Anthrax Bacilli in Tissues — Staining of Flagella. 



staining of Tissues foi Anthrax Bacilli 
(Frozen Sections) 

L (1) Simple Gaining wiih Luffier'a meikylene-blue. 
\ Tissues supplied : lung, kidney, liver and spleen of a 
]se dead of antlirax. 

a. aectioQ iu Lofflcr's methylene -blue for fivo 

t (b) Wash it in distilled water for half a minute. 

I (c) Then decolourise it for a quarter to half a minute 
Inth very dilute acetic acid (one to two drops of glacial 
acetic acid to a watch- glassful of water), till the section 
is pale blue. 

(d) Again wash it in water for half a minute. 

(e) Now place it in absolute alcohol for half a minute to 
a minute. 

I (/) Clear the section in xylol.* 

[ (ff) Transfer the specimen to a slide with a piece of 
rette-paper. 
) Mount it in xylol balsam. 
Examine it with low and high powers and -^.^ iu. 



oil 

1(2) Double staining with Tngthylene-blve and tonne. 
I. Prepare the following solution (Czinzinski's solution) :— 



I* Inatettd of nylol olhcr clearing madia nmy be 
' ctars of turpentice and crsnsote, or cednr-w 



Concentrated aqueous solution of 

methyleDe-blue . . . GO cc. 

Eoaioe . . , . , -5 gramme 

Absolute alcohol . , 70 cc 

Distilled water . , . ISOcc. 

(a) Keep the section in absolute alcohol for five minutes, 
(i) Transfer it to the stain for fom- to twelve hours, 
(c) Wash it in water till the Bection appears pink, and ' 
shows hardly any trace of blue. 

{d} Dehydrate, clear, and mount in the usual n 

Examine with low a.nd high powers. The bacilli are 
stained blue and the tissues pink. 

(3) Double stainmg with jpicrvcarmine and Loffler's metkylm 
blue. 

(a) Place the section iu alcohol for lialf a minute. 

(i) Then wash it in water and place it in a solution of 1 
picrocarmiue and water (equal parts) for ten to twenty I 
minutes. 

(i:) Waah it in spirit, to which a few drops of hydros] 
chloric acid have been added, for half a minute to ooal 
minute. 

(if) Wash it in water, 

(e) The sections are now stained rod, and should be ' 
placed in methylene-blue and treated as described before. 



(4) Staining of sections t 
(ii) Place tlie sectioii ic 



'/ Gram's method. 
alcohul for half a minute. 
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(b) From the alcohol transfer it directly to filtered 
aniline gentian- violet and allow it to stain for two to ten 
minutes. 

(c) Rinse the section in distillad water. 

(£) Now place it in Gram's iodine solution till it ia 
black (about two minutes). 

(s) Transfer it to absolute alcohol for a quarter to half 
a minute, and thence to 

{/) Acid alcohol (alcohol with 3 per cent hydrochloric 
acid) for tuiI uwre than ten seconds. 

(g) Again wash it in alcohol until the section appears 
colourless, or if previously stained with picrocarmine, until 
the section again becomes red. 

(A) Clear it in xylol or turpentine and creasote. 

|(t) Transfer it to a slide with a cigarette-paper. 
(A) Mount it in Canada balsam. 
Examine with low and high powers and ^ in. oil 
immersion : the bacilU appear dark blue on a 
yellowish or red background. 



CIiDlera 
Inoculate — 



(1) a gelatine tube (stab), an agar-agar tube (streak), 
and a broth tube with Vibrio cholerie Asiaticie ; 

(2) a gelatine tube (stab), an agar-agar tube (streak), 
and a broth tube with Vibrio Finkler-Prior ; 

(3) a gelatine tube (stab), an agar-agar tube (streak), 
,and a broth tube witli Vibrio Metchnicovi. 
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Place the gelatine tubes in the cool incubator at 22° C, 
the others in the wann incubator at 38*5° C. 

• Staining of Flagella (Van Ermengem) 

Prepwre the folhmng soMions .^ — 

(a) Osmic Acid (2 per cent solution) 1 part. 
Tannin (10 to 25 per cent solution) 2 parts. 

To each 100 cc. of the tannin solution add four or 
five drops of glacial acetic acid. 

(/3) Nitrate of silver ('25 to '5 per cent solution). 

(7) Gallic Acid ... 5 grammes. 
Tannin ... 3 grammes. 

Fused acetate of soda . 10 grammes. 
Distilled water . .350 cc. 

Boil the cover-slips to be used in the following solution : — 

Potassium bichromate . 60 grammes. 

Concentrated Sulphuric Acid 60 grammes. 
Water .... 1000 cc. 

Then wash them repeatedly in water. Keep them in 
absolute alcohol and before use allow them to dry, without 
wiping, by placing them in a vertical position, protected 
from dust. 

Bacillus of typhoid fever and Vibrio cholerce Asiaticce, 

Carefully suspend one or two loops of an agar-agar culture 
(ten to eighteen hours old) in a watch-glassful of distilled 
water. . . : 



■*> 



(ffl) With a single loopful of this " suspension " prepare 
T-glaas film and allow it to dry in the air. 

(6) Fix it by passing it three times through the flame, 
holding the specimen in the fingers, bo as to avoid over- 
heating. 

(c) Pour a few drops of solution (a) on the film and 

, allow them to act for half an hour.^ f / ^ ' , "" ■• 

(d) Wash very carefully in a large excess of distilled 
wter, and then io^aicdhol. / .-^^ -,.--- «■'!': - * / '- ■ - 

(e) Now keep it for three to five seconds in solution (jS), 
(/) Without washing, pass quickly through solution (7). 
(5) Wash again in a fresh quantity of solution (^), 

knoving the specimen ahout gently and withdrawing it when 
Hie solution hegvaa to turn black. 

(A) Wash it thoroughly in several changes of distilled 
Mter. 
(i) Dry it carefully between blotting-paper. 

Mount it first in water and examine it with -^ in. oil 
immersion, and if the specimen bo satisfactory, 
mount it permanently in xylol balsam. 
If the flagulla are not sufBciently stained, float the film 

off the slide and begin again at (/). 
OsTB must be taken lo change the nitrate of sUver sdu- 

tion as soan as any prfcipitalum sJiouis itself. 
This is an easy and very trustworthy method. 
' At a tempefitturu of 60" 0. fivi> niinutca is aufflcionf. 



EisminatioD of VibriuDss ChoIerK AaiiticEB, Flnklur - Prior, aud 
MetohnicoTi in Culturts and in the AniTual Budy— Plata Cultures 
— Qermiddal Action of Sunliglit — Hanging Drops. 

Oholera (amtinved) 

(1) Examine ami compare the tubes inoculated with 
Vibrio cholerte Asiaticte, Vibrio Finkler-Prior, and Vibrio 
Metchnicovi respectively. 

(2) Prepare cover-glass specimens of Vibrio cholera 
Asiaticie, Vibrio Finkler-Prior, and Vibrio Metchnicovi in 
the usual manner. 

Stain them with dilute aqueous gentian- violet or dilute 
aqueous fuchsine, as follows : — 

(a) Filter some of the atuiniiig solution into a watch- 
glass. 

(b) Stain for about five to ten minutes, previously 
clearing the Bpecimen with acetic acid, if necessary. 

(c) Wash in water, dry and mount. 

Examine with -^ in. oil immersion and compare the 
three forms. 
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(3) Prepare cover-glass specimens of Spirillum rubrum 
(gelatine stab culture). 

(a) Melt the gelatine tube in the warm incubator. 

(b) Prepare films and pass them three times through the 
^ flame in the usual manner. 

(e) Wash the films in warm water for two to five 
I minutes, in order to remove the gelatine. 

(d) Stain in dilute gentian - violet or fuchsine, as 
I ftbove. 

(e) Wash in water, dry and mount. 
Examine with ^ in. oU immersion. 

(4) From a liquoiiGd gelatine culture of Spirillum 
J-rnljmm prepare a gelatine stab culture and keep it at 

2" a 

(5) Prepare hanging drop cultures of Vibrio cholerse 
BAaiaticee, using 1 per cent peptone solution. 

Place them in the warm incubator. 

(6) Examine the peritoneal fiiiid of the guinea-pig supplied 
T Vihrja dwlerte Asialias. 

(a) Open the abdominal cavity of the animal in the usual 
■nanner {vide p. 27). 

(ft) Make a capillary pipette, and draw up some of the 
Eperitoneal fluid into its bulb. 

(c) Prepare films from the fluid removed, in the usual 
ind pass them three times through the flame. 

{d) Clear them with acetic acid and then stain with 
iquooua gentian- violet, as already described {lide supra). 

Examine with ^ in. oil immersion. 



(e) Other filma should be stained with oosine and methy- 
lene -blue, without previously clearing them with acetic 
acid (vide p. 28). 

Examine with ^ in. oil inmiersion : note the eosino- 
phile granules in the leucocytes. 

Plate Oultnres of Vibrio OholerEe Aalaticie 

Open the thora^c (of a guinea-pig inoculated intra- 
peritoneally with the Vibrio cholerae Asiaticae) in the 
following manner : — 

(a) Moisten the skin with spirit. 

(S) Reflect it freely on both sides. 

(c) Cauterise the exposed surface, and with a pair of 
ateriliaed scissors and forceps remove the sternum. 

(d) Now cauterise with a heated giasa rod a spot on the 
surface of the heart. 

(e) Thrust a sterile capillary pipette, the ends of which 
have been broken off, through the heart's wall into an 
auricle or ventricle and remove a trace of blood by suction, 
and fuse the end to wliich suction has been applied. 

(/) Loosen the cotton-wool plug of a liquefied gelatine 
tube and insert the pipette into the test-tube by carefully 
pushing it through the cotton*wool. 

(3) Push the pipette into the lumen of the tube, till it 
almost touches the gelatine. 

(h) Apply very gentle boat to the bulb, till a drop of 
blood falls into the gelatine. 

(i) Withdraw the pipette and shake the inoculated tube. 
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{!:) From this tube inoculate two other tubes in the 
I ordinary manner, and pour three plates as described in a 
former lesaon (vide p. 29). 

Keep the plates at 22° G. and examine them from day 
to day. 

Action of Sunlight on the Vibrio Cholene Asiaticee 
To demonstrate the action of sunlight on cholera vibrios 
take two agar-agar plates (Petri's capsules) ^ which have 
I been kept in the warm incubator for twelve to twenty-four 
[ hours. 

With a storiliaed brush gently paint the surface of 
I the agar-agar with a dilute yo-ung broth culture of cholera 
I vibrios. 

Over the lid of each capsule gam a piece of hlack paper 
with a large figure or letter cut ia it, and expose the plates 
to the sun for four to six hours. 

Then transfer the plates to the warm incubator. 

Examine them on the next day ; there will be no 
growth (or only a limited growth) on the agar-agar 
over those areas which were unprotected from the 
action of the light by the black paper. 
' For [iru]>aratiDn of agar-agar plateB see Fart II. 



LESSON X 

Vibrio Cholerte AsiaticiE (eoncludtd) — Impression Specimetu from PUUa 
— CompariaoQ of Dilferent Varieties ^ Curdling FBmient — 
Actinomycoaifl — ^Cladothrii— Staining of Tiasaes embedded in 
Celloidiil— FUgella SUimng after Pitlleld. 

Oholeia (amclvdal) 

(I) Examine the plates made from the heart's blood of 
the guinea-pig. 

The colonies maj' be so email that they can only be Been 
with a magnify! ng-glass. 

Select a typical colony and make a gelatine stab culture 
from it which should be kept at 22° C. 

Prepare also impression specimens of suitable colonies, 
and stain them with aqueous gentian- violet. 

Examine with a high power and -^ in. oil im- 



(2) Inoculate five gelatine tubes from the five varieties 
of cholera vibrios supplied (atab cultures). 

Place them in the cool incubator at 22' C. 
Compare their mode of growth and rate of lique- 
faction from day to day. 



(3) laoeulate five milk tubes with the Ba 
of cholera vibrios, and keep them at 38-5° C. 

Compare their mode of growth and curdling power 
from day to day 

(4) Examine the hanging drop cultures of Vibrio cholerae 
Aaiaticffi previously made, and stain them with aqueous 
gentian-violet. 

Actinomyces and Cladothrix 

(1) Inoculate an agar-agar tube with Cladothrix nivea 
and another with Cladothrix asteroides. 

Keep tbem in the cool incubator at 22° C. 

(2) Stain actitiomycolic tissue, embedded in celloidin, by 
Gram's meikod. 

Some of the sections may ba previously stained with 
picrocarmine {vide p. 36). 

(a) Place the section on a slide and with a sharp scalpel 
I trim off the celloidin all round. 

(6) Dry the specimen with filter-paper. 

(c) Filter a little aniline gentian- violet on to the section, 
and cover it over with a watch-glass, bo as to protect it 
from the dust. 

(•I) After a quarter to half an hour remove the gentian- 
violet with blotting-paper (sometimes five minutes is 
sufficient). 

(e) Pour a little of Gram's iodine solution on the section 
and allow it to act for one to two minutes. 

{/) Remove the iodine solution with blotting-paper. 



(j) Pour a little aniline oil over the specimen, which ia 
now quite black, and by alternately tilting first one and 
then the other end of the slide, allow the oil to flow to 
and fro over the section. The aniline oil will take up the 
gentian-Tiolet greedily, and gradually become saturated. 
When this has taken place, remove the oil with blotting- 
paper and pour fresh oi[ over the specimen. Repeat this 
process till no more stain comes away. 

(h) Remove the oil witli blotting-paper, and wash the speci- 
men thoroughly with xylol, which must be frequenlly changed, 
(i) Mount in xylol balsam and examine with low and 
high powers. 

It is essential that the whole process be completely 

carried through with the section on the slide. 
Sections of Mycetoma (Madura disease) may be 
stained in the a; 



Staining of Flagella (after Fitfleld) 

(1) Prepare the following solution : — 

(a) Cold saturated sohition of alum 10 cc. Saturated 
alcoholic solution of gentian- violet 2 cc. 

To this add (b) 10 cc. of a cold aqueous solution of 
tannic acid (10 per cent). 

(2) Prepare a suspension of typhoid bacilli, cover-slips 
and films as on pp. 38 and 39. 

(3) Cover the film with the stain, and keep gently 
steaming on a copper section lifter for 1-2 minutes. 

(4) Wash in water, dry and mount. 

Examine with -^^ in. oil immersion. The results are 
almost always excellent, and remarkably easily 
obtained. 



LESSON XI 

Pyogenic Cocci — Cultures — Hanging Drops — Staining of Pus preserved 
in Carbolic Acid — Staining of Fresh Pus — Staining of Gonorrhceal 
Pus. 

Pyogenic Cocci 
(1) Make a broth culture of the 

(a) Streptococcus pyogenes ; 

(b) Streptococcus pneumoniae ; 

(c) Streptococcus erysipelatos. 

Keep them at 38 '5° C, and compare them from day 
to day. 

(2) Make also agar-agar streak cultures of the same 
organisms. 

Keep them at the same temperature, and compare 
them from day to day. 

(3) Make gelatine stab cultures of the same organisms 
and keep them at 22° C. 

They all grow slowly in gelatine. 

Compare them from day to day. 

(4) Prepare agar-agar streak cultures of the Staphylo- 
coccus pyogenes albus, aureus, and cereus flavus respec- 
tively, and keep them at 38*5° C. 



(5) Prepare gelatine streak ciilturaa of the Staphylo- 
coccus pyogenes aureus and cereus flavus respectiyely, and 
keep them at 22" C. 

The former will liquefy the gelatine, the latter will 
not. 

(6) Prepare two hanging drop cultures of the Strepto- 
coccus pyogenes in broth, and keep them at 38'5° 0. 

(7) Prepare films from the condensation water of an 
agar-agar culture of the Streptococcus pyogenes, and 
stain them 



(a) with gentian -violet, fnchsine, or Lofflcr'i 
lene-blue ; 



methy- 



(fi) by Gram's method. 

Mount in xylol balsam and exiimiiie with a high 
power, or ^ in. oil immersion. 
(8) Prepare specimens of the pns supplied which con- 
tains Streptococci. The pus has been preserved in carbolic add 
(5 per cent solution). 

(a) With a platinum loop remove some of the white 
sediment and place it on a clean cover-glass. 

(i) Place another cover-glass on this and rub the two 
cover-glasses together so aa to spread the films uniformly. 

(b) Separate the cover-glasses and allow the two films 
I. to dry. 

(i) When dry, pass tlio films three times through the 

(e) Place the films in a mixture of alcohol and ether 
(equal parts) for one to two minutes. 




(/) Dry them between blotting-papar and again pass 
them three times through the flame. 

(3) Now stain them in the usual manner with dilute 
nquQouB gentian- violet, or by Gram's method, 
I Mount in xylol balsam and examine with ^ in. oil 



\ (9) Piepare specimens of the fresh pus supplied which 
contains Staphylococci. 

Prepare thin films in the usual manner, clear them in 
acetic acid, and stain with eosine and methylene-hlue in 
I the following way {vide p. 28) : — 
(a) Stain with eosine. 
(6) Wash, and dry with filter-paper, 

(c) Heat again and atain with Loffler's methylene-blue. 

(d) Wash, dry and mount. 
Examine with -^ in. od immersion. 

(10) In the same manner prepare and stain specimens of 
^norrhceal pus, (Eosine and inethylene-blue or gcntian- 
Tiolet) 

Examine with -^ in. oil immersion : note the coed 
in the cells. 

Stain another specimen by Gram's method, counter- 
baining with eosine, and contrast with previous specimens. 
The gonococci do not retain the .stain. 




\ 
\ 




pT<Q|g8Da» prepared on zhii prsTioos occabBua — 

I, wich liiliioe ttxcoami : 
1 71 or Gmn's iii£cau%L 



Moimfi in xyiol bsLsua smi eximine wich a hiA 



(2) Exjunfnff unscsuiied die bcoch culmresy of die three 
Streptococeiy made last dme. 

^a; Siake che cube, uid with. :ii sterilised loop remoTe ai I 

drop of the imdf and place it on a clean cover-gba& ; 



(b) CarefEzIIj place the coTer-gbss on a clean slide and 
with a brush point some Yaaeline roond the margin of the 
roTrrgtiM, fo as to prerent eyapor&don. 

W.^mmmA with » hi^ power and ^ in. oil immersEcHi, 
QBDg a narrow diiyhragm. 
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(3) Slain froxen seditms of the folloumg tissufS : — 
(a) Pytemic abscesses in cardiac muscle and kidney 
(Staphylococci from a case of ulcerative endocarditis). 

I Use LofBer's methylene-blue, or Gram's method. 
Place some sections in the eosine methylene-blue 
mixture (Czinzinski's solution) over night. 
(h) Erysipelatous skin. 
Use Gram's method, with or without previous ptcro- 
carmine staining. 
(e) Spleen from a case of pysemia (Streptococcus). 
Use Gram's method without counterstaining. 
(tf) Croupous pneumonia (lung). 
Use Gram's method with or without previous picro- 
carmine staining, 
(e) Lung of mouse dead of infection with the Micro- 
ccuB tetragonua. 
Stain with the eosine methylene-blue mixture. 
In all these cases, whenever Gram's method is used, 
leave the section in the stain for twenty to thirty minutes, 
and be careful not to decolourise too much with the alcohol 

PHid acid alcohol {vide p. 45). 
I (4) Fibrin staining in crowpoaspnemruma ( Wdgcrfs metliod). 
To bring out the 6brin network in croupous pneumonia, 
the following method should be used : — - 

(a) Place the section on the slide by means of a cigarette- 
paper. 



(6) Remove the superfluous water v 
paper. 

(c) Filter a little aniline gentian-violet on to the section, 
and allow it to act for twenty to thirty minutes. 

{(1) Eemove the aniline gentian- violet with hlotting- 
paper, and wash with '6 per cent saline solution. 

(e) Pour a few drops of the following iodine solution on 



to the section :- 
Iodine 



1 gramme 



IFaier . . 100 cc. 

Allow this to act for two to three minutes. 
(/) Remove the iodine solution with blotting-paper, 
and decolouriao with a solution of aniline oil (2 parts) and 
xylol (1 part), in exactly the same manner as described in 
the case of actinomycosis {vide p. 46), 

(3) Wash thoroughly with xylol to remove all trace of 
the aniline oil. 

(A) Mount in xylol balsam and examine with a high 
power. 

The fibrin network and the Pneumococci will be 

distinctly shown in most cases. 
To make the specimen more effective stain the section 
previously with picrocarmino. 



LESSON xnr 

icilluE oF Tjphoid Fever and Bacterium Coli Cnnimaue — Coltures 
and DiffDreiicas in Mode of Growtli— Shake Cultures— Varieties of 
Bacterium Coli Commune — Staitiiog of Tjphoid Spleen — Stammg 
of Capsule of PnenmoooccnH — Diphtheria — Stainingof Diphtheria 
riaoilli — Staining of Diphtheritic Metnhroue — Staining of Leprosy 
Bacillus in the Tissues. 



IfSacUliis of Typboid Fever and Bacterium OoU Oommnne 

■(I) Prepare culturea of these two organisiuB for com- 
jon:— 
(a) Gelatine, streak and stab (at 22-5° C.) 
{b) Potato (at aS'S-C.) 
(s) Agar-agar streak (at 38'5°C.) 

(d) 25 per cent gelatine, streak and stab (at 38'5° C.) 

(e) Broth {at 38'5' C.) 
(/) Miik (at 38-5° C.) 
(g) Gelatine containing 4 per cent of a 5 per cent 

Bolution of carbolic acid (at 22° G.) 

Compare these cultures from day to day : the 
Bacterium coli coagulates milk, the typhoid 
bacillus does not ; the typhoid bacillus produces 
rapid turbidity in 25 per cent gelatine, the 
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Bacterium coli much more slowly ; in other respects 
the two organisms in cultures resemble each 
other closely. (For Indol Reaction vida p. 100.) 

(2) Prepare " shake cultures " of these two organisms. 

(a) Melt two ordinary gelatine tubes, and inoculate one 
with the Bacterium coU and the other with the Bacillus 
typhosus. 

(h) Shake the tubes and allow them to set. 

(c) Keep them at 22'' C. 

Examine them next day : very active gas formation 
takes place in the gelatine in the case of the 
Bacterium coli commune, none in the case of the 
typhoid bacillus. 

(3) Prepare films of these two organisms in the usual 
manner. 

Stain with aqueous gentian-violet for one to two 
minutes, wash in water, dry and mount 

Examine with ^ in. oil immersion, and compare the 
two organisms. 

There are several varieties of the Bacterium coli commune, 

(4) Prepare agar-agar shake cultures of Varieties 1., 11., 
andllL 

(a) Melt the agar-agar either by placing it in boiling 
water or by carefully heattug the tubes over a small 
Bunsen flame, and allow the tubes to cool to 40° C. 

(h) Now inoculate them with Varieties I., IL, and IIL 
respectively. 
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(c) Allow the agar-agar to set, and keep the tubes at 
\ 38 S" C. 

Compare them from day to day for gas formation. 
(6) Inoculate three miDt tubes with the Bame Vaiietiee, 
I and keep them at 38'd° C. 

Examine them from day to day for coagulation. 
Curdling niay be rapid or delayed or even absent. 

(6) Typhoid Spleen (vide also p. 135). 

Stain sections of typhoid spleen with LofHer's methylene- 
blue or in Czinzioski's fliud, in the usual manner. 

Examine with a low and high power, and -^ in. 
oil immersion. 

(7) To slaiii ike capsule of the I^ewmococcus prepare the 
■ following solution : — 

Concentrated alcoholic solution of 

gentian- violet . . . 5 cc. 

Distilled water . . . . 10 co. 

Glacial acetic acid . . . 1 cc. 

(a) In this solution atain films, prepared from pneumonic 
I Bputum, for twenty-four hours. 

(i) Then wash in acetic acid (1 per cent) for one or two 
(iioinutes. 

(e) Wash in water. 

[d) Dry between blotting-paper. 
(«) Mount io xylol balsam. 

Examine with ^ in. oil immersion. 
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(8) Slain pimimimk sputum ke^t in carbulic add by 
fFeigert's meHuxl, amnterstaitting mlk cosine. 

(a) Prepare thin films, as previously described, and after 
having passed them three times through the flame, wash 
them in the alcohol-ether mixture (vide p. i8). 

(6) Dry the films, and again pass them through the flame. 

(c) Stain them with aniline gentian-violet for fifteen to 
thirty minutes. 

{d) Wash them in '6 per cent saline solution. 

(«) Place them in Weigert'e iodine solution (iodine 1, 
pot, iod. 2, imter 100) for two to three minutes. 

(/) Dry thoroaghly with filter-paper, and pour a weak 
alcoholic solution of eosine over the cover-glass, and allow 
this to act for thirty seconds or less. 

(?) Quickly wash in "6 i»er cent saline solution. 

(A) Dry again with filter-paper, and decolourise with the 
oniline-xylol eolution till the specimen is pink. 

(i) Wash with xylol and mount in xylol balsam. 
Examine with -^ in. oil immersion. 

If the sputum has not been kept in carbolic acid, 
prepare thin films of the fresh viscid sputum, and after 
passing the dry films three times through the flame, at once 
proceed to stain with the aniliue gentian- violet, and continue 
as above. 



Siphtheria 

(1) Inoculate a serum agar-agar tube (streak), and 
1 gelatine tube (streak) from an agar-agar culture. Keep 
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I Benim tube at 385° C. and the gektino tube at 
I 22° C. 

(2) Prepare cover-glass specimens from an agar-agar 
► culture and stain with aniline gentian-violet. 

(a) Leave them in the staiu for live to ton minutes. 

{b) Decolorise in spirit. 

(c) Wash in water, dry and mount. 

Examine with -^ in. oil immersion : note the clubbed 
fonns and the characteriatic grouping. 

(3) Diphlhmtic membrane. 

Stain sections of diphtheritic membrane with the 
josine methyleoe-blue mixture in the usual manner (vide 
1.35). 

Examine with low and high powers. 

(4) Prepare banging drop cultures in broth and keep 
I them at 3S'5° C. 

Examine them from day to day, bo as to study the 
peculiar forms which the diphtheria bacillus often 
shows. 



Leprosy Tissuo 

(1) Stain with picrocarmine, and then according to 
JWeigert'a fibrin method (vide p. 51). * 

Ezamino with low and high powers and -^ in. oil 
immersion, and note the arrangement of the 
bacilli and their relation to the cells, 

(2) Stain a section with a filtered carbol fuchsine solution. 

i/ii ■- . -■■■'-■■ ■ 
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(a) Leave in the stain for twenty to thirty minutes. 

(6) Wash it quickly in -6 per cent saline solution. 

(c) Decolourise it in hydrochloric acid (25 per cent) for 
a few seconds, until the red tint disappears. /^.m^ol. Ati^f ^J^JtJtl, 

{d) Transfer the section to 70 per cent alcohol, and with 
a needle move it about till no more red is washed out. 

(e) Eemove the alcohol with -6 per cent saline solution. 

(/) Now counterstain the section in L6ffler*s methylene- 
blue for one to two minutes. 

(g) Wash thoroughly in '6 saline solution. 

(h) Dehydrate in absolute alcohol. 

(i) Clear in xylol and mount in xylol balsam. 

Examine with low and high powers and -^ in. oil 
immersion. The bacilli are stained red and the 
tissues blue. 



I: 



LESSON XIV 

l;TQbercle Bacillne — Staining of Frash Sputum — Staining of Ca,t1»1iafld 
\ Sputum — Staining of Froxeu Saotiona — Staining of Paraffin Sections, 

i(l) Examine the cultures made on the last occasion. 

Prepare films of the recent cultures of the Bacillus 
typhoaua and the Bacterium coli commune and stain them 
with methylene -blue. 

(3) Prepare films of the fresh culture of the diphtheria 
bacillus, and stain them with aniline gentian-violet (vide 
■a). 



Tnhercle BaclUna 

(1) Staining of fresh sputum. 

(a) Pour out the sputum in a thin layer into a glass dish, 
and placing the latter on a dark background select one of 
the characteristic yellowish particles, and pick it out with a 

ipair of fine-pointed forceps, 
(i) Prepare thin films by squeezing the suspected matter 
between two clean cover-glasses 
w 
three 



t[c) Allow them to dry in the air, and then pass them 
tkree times through the flame. 



1 carbol fuchsine solation 



(d) Float the filma on s 
for two to five minutes. 

(e) Take one ol them out, leaving the other in the stain 
for suhaequent examination if necessary. 

(/) Wash it rapidly in water to remove the cxcoas of 



fuchsino. 



■,7, 



(g) Decolourise it in 25 per cent hydrochloric acid by 
holding the cover-glass with a pair of forceps and dipping 
it in the acid just long enough to discharge the red colour. 

(h) Wash it immediately in 60 to 70 per cent spirit : at 
first the red colour reappears ; continue to wash till no more 
red comes off. 



(•■)! 



e the spirit. 



/ (k) Dry the film between filter-paper and pasa it again 
'. three times through the flame. 

(l) Now stain it in LoiHer'a methylene-blue (ten to 
twenty seconds). 

(m) Wash it once more in water. 
(n) Dry it between filter-paper and again pass it through 
the flame to dry it. 

(o) Mount it in xylol balsam and examine it with an oil 



The tubercle bacilli are stained red on a blue ground. 
If no tubercle bacilli be found, the film which was 
left in the stain should be treated and examined 
in the same manner. 
It is best to keep the water, acid, spirit, and methylene- 
blue in wide-necked glass -stoppered pots. Holding the 



jlasB in a, pair of forceps, pass it successively from 
t one pot to another, a procedure which saves both time and 
[ material. For the solutions are always ready for use and 
t may be employed over and over again. 

Rfipeat the process, using earbol gentian- violet instead 
[■ of earbol fuchsine, and vesuvine or Biamarck-brown instead 
[ of methylene-blue. 

Carbd gentian-violet : — 

5 per cent carbolic acid . . 10 vols. 

Concentrated alcoholic solution of 

gentian-violet ... 1 vol. 

Leave the specimen in this stain, which must be warmed 
I of course, for at least five minutes. 

Be careful not to leave the film in the hydrochloric 
! acid too long. 

Vesuvine should be used in concentrated aqueous 
' solution. 

The tubercle bacilli are stained blue on a brown groimd. 
(2) Sputum kept in carbolic acid. 

(a) Pour 100 cc. of 5 per cent carbolic acid into a small 
^ flask. 

(b) Add 10 to 20 oc. of the sputum, unless the latter is 
I watery (vide infra). 

(c) Shake vigorously for five minutes, till the sputum ia 
[ thoroughly disintegrated. 

(d) Poor the contents of the flask into a conical urine- 
I glass and allow it to stand for twelve to twenty-four hours. 

(e) Decant the supernatant fluid. 



(/) With a fina pipette remove a little of the sediment 
from the extreme depth of the glass and ruh it between 
two cover-glasses. 

(ff) Dry the iilms in the air and pass them three times ' 
through the flamo. 

(A) Wash tbem in a mixture of alcohol and ether {equal 
Itarta) for one to three minutea. 

(i) Dry thom between filter-paper and again pass them 
tbrou times through the flame. 

(A) Stain them with carbol fuchsine or carbol gentian- 
violet, and proceed in the manner described above. 

This is by far tbe beat method for detecting tubercle 

bacilli. 
If tbe sputum is watery, pour 100 cc. of it into a flask 
and add 5 cc of liquefled carbolic acid, shake for 
five minutes, and then proceed as above. 
Urine suspected of containing tubercle bacilli must be 
treated like watery sputum. 
(3) Staitimg of frozen iections of luburoalous tissties. 
(i) Quick Method. 

(a) Place tbe sections in carbolic acid (5 per cent) for 
one to two hours. (This may be omitted.) 

(i) Stain them in carbol fuchaiue or carbol gentian-violet 
for two hours in an incubator at 38 '6" C. 

(c) Wash a section rapidly in '6 per cent saline solution 
or in distilled water. 

(d) Now transfer it to 25 per cent hydrochloric aeid, 
and leave it till the colour changes to yellow or brown : a 
few seconds arc sufficient. 



J^f (e) Wasl 
[ comes away 



STAINING OF TUBEECULOUS TISSUES 

(e) Wash it in 70 per cent spirit, till no more stain 
comes away. 

(/) Again wash the section in distilled water, or -6 per 
_ cent saline solution. 

(y) Countei'staiu it, for two minutes in Loffler'a methylene- 
blue if carbol fuchaine was used, or in vesuvine for five 
tninutes if curbol gentian-violet was employed. 
(h) Wash it thoroughly in distilled water, 
{() Dehydrate it in absolute alcohol and clear it in 
lyloL 

(k) Transfer the section on to a slide and mount it in 
7I0I balsam. 

Examine it with a high power and jlj in. oil 



(ii) Slow 3Ielhod. 

(a) Place a section in aniline fuchsine or aniline gentiaa- 
iTiolet for twelve to twenty-four hours. 

(6) Wash it rapidly in water and decolourise it in 25 par 
leent hydrochloric acid, and then proceed as above. 
This method gives extremely good results. 

(iil) Gram's Method. 

(a) Stain a few sections first with picrocarmino in the 
lary manner (vide p. 36), 

(6) Place them in aniline gentian-violet for twenty-four 
B bours. 



if) Wash a section rapidly in water. 



(d) Place it in Gram's iodine solution for one to two 
minutes. 

(e) Wash it in absolute alcohol ior half a minute and 
then in acid alcohol (3 per cent hydrochloric acid) for not 
longer than eight to ton seconda. 

(/) Again wash ifc in absolute alcohol till no more 
stain comes off, and the specimen appears red. 
(g) Dehydrate it in absolute alcohol. 
(h) Clear it in xylol and mount it in xylol balsam. 
Examine it with a high power and -^ in. oil im- 
mersion. The bacilli are stained blue on a red 
ground. 

Staining of Paraffin Sections 

(1) Tuberck. 

(i.) Slow Method. 

(a) Fix a section on a clean cover-glass (if possible with- 
out egg albumen or any other fixing medium) and remove 
the paraffin in the usual manner (heat, xylol, alcohol, and 
water). 

(6) Float the cover-glass, specimen surface downwards, 
on aniline fuchsine for twenty to twenty-four hours, or on 
carbol fuchsine for two to three hours. 

{() Now pass it through water, hydrochloric acid, spirit, 
water, and methylene-blue in exactly the same manner aa 
was done in the case of sputum films. 

(d) Wash it in water, dehydrate in absolute alcohol, 
clear in xylol, and mount, 



Aniline gentian- violet or carbol gentian-violot may b 



This method gives by for the beat results, the eectiona 
being thin and well stained, and it should be 
employed in all cases where good specimens are 
required. The parafEo must be thoroughly re- 
moved. 



t{n.) Qukk Metlwd. 
(a) Fix a section on a clean cover-glass, and remove the 
paraffin as before. 

(b) Now float the specimen on the surface of a warm 
carbol fuchsine solution for five to ten minutes, and treat 
it 33 if it were an ordinary sputum film, except that it 
must be dehydrated and cleared l)Bfore mounting. 

I The section must be as thin as possible, and the carbol 
fuchsine solution should not be overheated. This 
method, if combined with quick paraffin em- 
bedding, is of great value when a rapid diagnosis 
is desirable. 
(2) Diphtheritic mejnbraiie. 

(o) Fix a section of the diphtheritic membrane on a 
cover-glass in the usual manner and remove the paraffin. 

(b) Place the cover-glass in the eoaine raethylene-blue 
mixture for six to eighteen honra. 

(c) Wash it in water till the blue tint has almost dis- 



(d) Dehydrate it in absolute alcohol, clear, and mount 
it in xylol balsam. 
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Stain 
method ; 



mother section according to Weigert's fibrin 



(a) Place it ii 
ne hour. 



aniline g 



Q-Yiolet for half an hour to 



(b) Wash it in -6 per cent saline solution. 

(c) Now place it in the iodine solution (iod, 1, pot. 
iod. 2, and uiater 100) for two to three minutes. 

{d) Wash it again in '6 per cent saline solution. 
(«) Decolourise it with the aniline oil and xylol misturo 
{Me p. 52). 

(/) Wash thoroughly with xylol to remove all the 
aniline oil. 

{g) Mount and examine it. 

In most cases the iibrin network of the diphtheritic 
membrane will be beautifully stained, and the 
bacilli always stand out well. 
It is desirable when dealing with paraffin sections, 
fixed on cover -glasses, to perform the various washings, 
decolourisations, counterstainings, and clearings in wide- 
necked bottles, holding the covcr-glaases in a pair of 
forceps. 



LESSON XV 

PTnbercle Bacillua (ivnielwied)— Films of Pure Cultnriis— Avian ToliBr- 
culofiis — GlanderB ^ Totatics lincilliu — Paraliin Sections of Ac- 
tinomyooais — Pyiemia — Phngocytoais in tlia frog — • Inoculatiou 
of the Pithed Frog— Hanging Drops of Frog'a Lymph — Etfect of 
Temporaturo on PliogoojWsis. 



TnliQrcIe Bacilli (pure cnlturra) 

(1) Mammalian Tubercle. 

(<[) Prepare cover-glaaa films from the emulsion supplied. 

(b) Stain them with warm cai'bol fuchaine or carbol 

gentian-violet, decolourise with 25 per cent hydrochloric 

I and TO per cent alcohol, aa in the case of tubercular 

iputum. Counterstaining is, of course, unnecessary, since 

other organisms are present. 

(2) Avian Tubercle. 

Prepare cover-glasa films from the emulsion supplied, 
md proceed as above. 

Examine with ^ in. oil immersion and compare the 
two kinds of bacilli. 
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CHaaden— Horse's Long (paraffin sectioiis) 
(L) Slow Method. 
(a) Fix the sections on clean cover-glaaees and disBolrttl 
out the paraffin (vide p. 64). 

{b) Place them in Loffiei's methylene-blae for sax to eight 4 

(e) Waih. them in diatilied water or in *6 per cent aaliue I 
Bolntion. 

(d) Then place tbem m a solutioD of tannic acid (1 in I 

10) for four to five hours. 

(«) Wash thoroughly in water. 

(/) Dehydrate in absolnta alcohoL 

(j) Clear in xylol and mount. 

Examine with a high power and ^ in. oil inuneraioEL I 

(ii.) Quick Method. 

(a) Fix the sections on clean cover -glasses and dissolve I 
out the parafBn aa before. 

(4) Float the sections for ten to thirty seconds on i 
solution of carbol methylene-blue (i.«. a saturated soluticffi. 1 
of methylene-blue in 5 per cent carbolic acid, which miiBt I 
always be filtered before use). 

(c) Then wash the sections in water. 

(d) Wash them in a 10 per cent solution of tannic acid J 
for half a minute to one minute. 

(«) Counterstain in a weak solution of eosine or acidi 
fuchsine in 10 per cent tannic acid, till the sections are red.| 




Examine with a high power aud -^ ii 
The glaDdera bacilli are blue i 
ground. 



Tetanus 

Broth Culture. 

(a) Prepare cover-glass films in the uaual manner, and 
pass them three times through the flame. 

(b) Clear thom in acetic acid, wash and dry, and pass 
them again through the flame. 

(1) Stain some of the films with Loffler's methylece-hlne 
or gentian-violet for two to three minutes. 

Examine with ^ in. oil immersion. Observe the 
drum-stick shape of the Hpore-bearing bacilli. 

(2) Stain other cover-glass films for spores with LofBer'a 
isine and methyl ene-blue (indep. 31). /f^ ''^..-d. f(.^-4i- 

Examine with ^ in. oil immersion. The terminal 
spores are stained red. 



Paraffin Sections of Actinom7c03is Hominis 

(1) JfeigerSs fibrin metlwd. 
\ (a) Fix the sections on clean cover-gla;3ses and dissolve 
t the paraffin {vide p. 64). 
(6) Stain with picrocarmino for half an hour. 



(c) Waali in water, and tben place in alcohol for half a 
minate. 

{d) Now float the cover-glasa on aniline gentJAn-Tiolet 

for &ye to fifteen minutes, and proceed as described above. 
Examine with high and low powers and -^ in. oil 

immersion. The central myceltuni is stained blue, 
while the cluhs, it present, generally remain 
unstained or are light yellow. 

(2) Differential staining of clvhs and mycelium, 

(a) Fix the sections on clean cover-glasses and dissolve 
out the paraHin. 

(b) Stain in a 2 per cent aqueous solution of rubine for 
two hours. 

(c) Wasli in water till the sections are dark red. 
{d) Pass quickly through spirit, and then again wash in 

water till the sections are pink. 

(e) Stain in Loser's methylene-blue for half a minuta 
to one minute. 

(/) Wash in alcohol till the sections are almost pi] 
again. 

(?) Clear in xylol and mount. 

Examine with a high power or ^ in. oil immersion. 
The clubs are rod and the mycehum blue. 



Paraffin Sections of Fysmic Spleen (Stieptococcos) 
stained by Gram's Method 



(a) Fix and prepare the sections as before. 
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(i) Stain in anilinQ gentian -violet for hs]i an hour. 

(c) Wash in '6 per cent saline solution. 

(^ Place ia Gram's iodine solution for lialf a minute. 

(c) Again waah in "6 per cent saline solution. 

{/) Now wash in absolute alcohol for half a minute. 

(?) Quickly pass through 3 per cent hydrochloric acid 
alcohol (Jive to ten seconds). 

(ft) Again wash in absolute alcohol (ten seconds). 

(i) Stain with eosine (eosiue -5 gramme, 50 per cent 
■alcohol 100 cc.) for a second or two. 

(A) Wash in absolute alcohol, till the section is pink and 
B apparently quite free from gentian-violet 

(T) Clear in xylol and mount. 

Here again, as previously mentioned, the various 
Wlutions for washing, etc., aro best kept in wide-necked 
Wttles or pots. 



^^_ nu 



FtLagocytosis 

A pithed frog has been inoculated under the skin of tlie 
thigh, or into the peritoneal cavity, with a few drops of a 
yoimg broth culture of anthrax bacilli. 

Four to six hours later examine its lyra^ih or peritoneal 
fluid. 

(1) Examination in a hanging droj>. 

(«) Pass a fine capillary tube under the skin of the 
thigh, or into the peritoneal cavity, and remove some of the 
fluid, and carefully, avoiding air-Wbblca, blow a drop on to 



the centre of a. clean covcr-glaBs, aterilised by pasaing it 
several times through the flame. 

(h) riaco the cover-glasa, with the drop downwards, on a 
moistened ring of blotting-paper (vide Fig. 1). 

Examine the drop with a high power and with -^ in. 
oil immersion for phagocytosis (vide footnote p. 10). 
(2) E-xamimiion of stained s^edmens. 
(a) Spread some of the lymph or peritoneal iinid uni- 




formly over several covor-gliiaaes, and allow the films to dry 
in the air. 

(b) Clear in acetic acid in the usual manner. 

(c) Wash in water, dry, and pass three times through tha 



((/) Stain with LOffler's m ethyl ene-blue, wash, dry and 
mount 

Examine with -jHj in, oil immersion for phagocytosis. 

(3) Emminaiwn of dmhle-slnined specimens. 

(a) Prepare films as above. 

(i) Stain with a solution of eoaine (-5 gramme in 100 c 
of 50 per cent alcohol) for half a minute, without previously J 
clearinp; in acetic acid. 



PHAQocyrosia ahd genebal infection 



(i;) Wash in distiUed water, and dry between filter- 
peper. 

(d) P&BS four to six times through the flamo. 

(e) Stain in Loffler's methylene - blue for about ten 
|;KcondB. 

(/} Wash again, dry and mount. 

Examine with a high power and ^ in. oil immersion 
for phagocytes and eoainophile cells. Observe the 
relation of the latter to the bacilH. 

(4) Local imrmimt^ and general infection, 
(a) Inoculate a pithed frog ujider the skin of the thigh 
with a few drops of a fresh broth culture of Bacillus 
anthracis. 

{b} To do this, with & fine-pointed pair of sciasors snip 
a small hole in the skin of the ventral surface of the thigh, 
just above the knee. 
. (c) With a fine capillary tube blow a small quantity of 
■ the broth culture under the skin. 

i (d) Half an hour later, open the chest of the frog and 
expose the heart. 

(e) With a sterile capillary tube remove some of the 
heart's blood, blow it over the surface of a sloped gelatine 
tube, and then distribute the blood uniformly by means of 
a platinum needle. 

(/) Place the tube in the incubator at 22° C. Twenty- 
r or forty-eight hours later examine it tor colonies of 
icillus anthracis and make impression specimens {yidt 
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Examino with low and high powers. It will be seen 
that the anthrax bacilli had entered the circulation. 

(5) Effect of heat on phagocytosis in the frog, 

{a) Inoculate a pithed^ frog with a broth culture of 
Bacillus anthracis as before, and keep it in a moist chamber 
at 30° to SO** C, covering it over with moistened blotting- 
paper. 

{h) Plxamine the lymph six to eighteen hours later, by 
moans of cover-glass films, stained with methylene-blue in 
tho usual manner. 

It will be seen that the bacilli have grown luxuriantly, 
and that there is no phagocytosis. 

Other films should be prepared and stained with 
oosino and methylene-blue. 

It will bo seen that there are very few eosinophile 

cells. 

* In thifl cxporimont tho cord alono should be destroyed. 



LESSON XVI 

Phagocytosis {condvded) — Effect of Ansesthesia — Phagocytosis in the 
Hanging Drop — Ohemiotaxis — Diagnosis of Diphtheria. 

Phagocytosis (concluded) 

(1) Heated frog, 

(a) Kemove, with a capillary pipette, some lymph from 
the inoculated thigh of a frog kept at 30° to 35° C. for 
twelve to eighteen hours (vide p. 74). 

Examine it as a hanging drop with a high power, 
(vide p. 72). 

Note that the anthrax bacilli have grown luxuriantly, 
and that there is no phagocytosis or " eosinophile 
leucocytosis." 

(b) Prepare films of this lymph, dry and stain them 

(1) with Loffler's methylene-blue ; 

(2) with eosine and methylene-blue. 

Examine them with a high power and -^ in. oil 
immersion. 

(c) Now take the frog out of the incubator and keep it 
cool for twenty-four to forty-eight houra 



Then examine its lymph agaiD by meant 

drops and stained films. 
Note the disappearance of the anthrax bacilli, tbe 

well-marted phagocytosis and "eosinophile leuco- 

cytosis." 

(2) Ancesihetised frog. 

A frog has been aniesthetiBed (chloroform-ether mixture), 
and during the narcosis inoculated under the skin of the 
rigbt thigh with a virulent cidture of anthrax bacilli ; and 
it has then been kept at the ordinary temperature in & moist 
chamber. 

Twenty-four hours later it has been pithed, 
Now prepare hanging drops and stained films of its 
lymph. 

Examine them with a high power and ^ in. oil 

immersion. 
Note that the anthrax bacilli have grown well, and 
that there is no phagocytosis or " eosinophile 
leucocytosia." 
This proves that the immunity of the frog from anthrax 
does not depend merely on the body temperature. 

(3) Phagocytofis in the hanging drop. 

(a) Prepare a moist chamber, as described on p. 15. 

(h) Pith a healthy frog, and withdraw some of its lymph 
or peritoneal iiuid in the usual manner. 

(b) Place a drop of the lymph or flnid on the centre of a 
sterile cover-glass, avoiding nir-bubbles. 
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(£) Carefully inoculate this drop from a fresh broth 
culture of Ba,cillus anthracis, using a small platinum loop 
and avoiding over-inoailaUan, 

(e) Place the cover-glass, drop downwards, on the moiat 
ring of filter-p 

Ejatmine with a. high power, or ^ in. oil immersion, 

using a narrow diaphragm. 
Choose a good field for observation, one containing a 

short chain of bacilli and numerous cells. 
Note that the coarsely granular cells attack the bacilli 
first, and that the phagocytes become active later. 
Eventually take ofl' the cover-glass, earefuliy allow 
the film to dry, and stain it with cosine and 
methyleno-blue in the usual manner. 
Examine it with •^ in. oil immersion, and note 
especially the relation of the eoainophilo cells and 
phagocytes to the bacilli. 

Ohemiotazis 

(a) Inject a small quantity of an old broth culture of 
Bacillus pyocyaneus under the skin of the thigh of a pithed 



(6) Four hours later remove some of the lymph and 
prepare films. 

(c) Stain these in the usual manner with eosine aad 
methyleno-blue. 

Examine with a high power and -^ in. oil immersion. 
Note the large number of eoainophile cells attracted 
(" [Msitive cliemiotoxts "). 
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Examination of Diphtheritic Memtame 

(a) Wash the membrane with sterilised saline solntion 
in a sterile watch-glass. 

(b) Snip off a small piece with a sterilised pair of 
scissom, place it in another watch-glass containing saline 
solution, and with a sterile glass rod break it np. 

(c) Dip a small platinum loop into the milky suspension 
and inoculate three serum agar-agar tubes in the following 
manner : — 

Make three parallel streaks on the surface of the 
first tube ; without recharging the loop make three 
similar streaks on the surfaces of the second and 
third tubes. 

(d) Place the tubes in the warm incubator. 
Examine next morning as follows : 

(1) Place a small drop of sterile water on a clean cover- 
glass, select a suspicious colony, and with a platinum 
nee^lle transfer it to the cover-glass. Gently press the latter 
on to a slide and examine unstained. 

(2) Proceed in the same manner but allow the drop to 
dry. Pass the film through the flame and stain with 
gentian-violet (vide p. 57). 

The diphtheria bacilli are easily recognised by their 
form and grouping, and by the absence of motility. 
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LESSONS I AND n 

Cleaning and Steriligatian of Tutea and Flaaka — Pr«panition of 
Hutrfsnt Media — Beef Brotli — Glycerina Broth — Grapa-Sugar 
Brotb^Meat Infusion — Gelatiae — Grape-Sagor Gelatine — 25 p«r 
cent Gelatine — Oarbolic Add Gelatine — Peptone Solntion^ — Potato 
Tubes — Milk Tubea — Agar- A gar — Glycerine Agar- Agar — Crape - 
Sugar Agar-Agar— Soriini Tubes. 



Oleanisg and Steiilisatloa of Teat-Tnbes, 
Flasks, and Beakeis 



. Cleaning op New Test-Tubes. 



^^^fitud fasten it with a piece of Etrong thread or Bti'ing. 
^^H (2) Dip the cotton-wool in strong nitric acid, and 
^^B thoroughly rub the inside of each tube. 
^^H (3) Wash the tubes three or fotir times in water, to 
^^f remove all trace of the acid. 

(4) Allow them t« drain, tmtil they are nearly dry. 

(6) Rinse each tube with a little absolute alcohol or 

Iftrong spirit. 
(G) Again allow the tubes to drain. 
I (7) When quite dry, they are ready for sterilisation. 
i ■ 



11. Cleaning of Test-Tubes WHicn have already 

BEEN DSED. 

(1) fiemovB the cotton-wool plugs. 

(2) Steam the tubes in the steriliser or autoclave for 
thirty minutes, in order to dissolve the gelatine or agar- 
agar, and to disinfect the tubes. 

(3) Pour away the contents of the tubes, and place the 
empty tubes, upright, in a large sauce-pan containing a weak 
solution of caustic soda. 

(4) Fill each tube with the same caustic soda solution, 
boil for an hour, and then allow the sauce-pan to cool. 

(5) Pour away the caustic soda solution, and wash the 
tubes three or four times in water. 

(6) Now clean each tube with weak nitric acid, using a 
glasa rod to which a little cotton-wool has been fastened. 

(7) Wash the tubes repeatedly in water. 

(8) Einse them with a little absolute alcohol, and allow 
them to drain. 

(9) When dry, they are ready for sterilisation. 

Very old tubes in which the culture media have dried 
up must be discarded, since no amount of cleaning 
will make them fit for use. 



Ill Cleaning or Flasks and Beakees. 

(1) Immediately after use rinse out the flask or beaker 
with hot water. 

(2) With a piece of bent wire, to which a little cotton- 
wool ia tiei:!, and which is charged with sapolio, clean the 
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' inside of the veasel until all dirt, stains, albumen, and fat 
are removed. 

(3) Wash thoroughly in hot water, and then with nitric 
' acid. If the flasks or beakers are much stained, allow the 
I acid to act for some little time. 

(4) Einse thoroughly with tap water and finally with 
distilled water. 

(5) Allow the vessels to drain ; and when dry, they are 
ready for aterilisatioa. 

IV. Sterilisation of Test - Tubes, Fla.sk3, and 
^Seaeers. 

Place the tubes and vessels when clean in the hot-air 
steriliser for half an hour to three quarters of an hour, 
having previously plugged them with cotton-wool. 

Sterilisation is completed when the cotton-wool plugs 
' turn slightly brown. 



Preparation of ITntrient KCedia 

L PitEPABATION OF BeEF BkOTH. 

(1) Take one pound of lean beef, remove all fat and 
I connective tissue, and cut it up into small pieces. 

(2) Mince it in a sausage machine or chop it np finely. 

(3) Add 1000 cc. of distilled water and stir vigorously. 
Then boil for half an hour to one hour in a large flask or 
in an enamelled iron pan, which must be well covered up. 

(4) Filter, and make the filtrate up to 1000 cc. with 
I distilled water. 



(fi) Pour it into a large flaak containing 5 grammoB of 
•odium clilorido nml 10 grammes of pure peptona 

(8) Ilo&t this mixttiro in a wat«i bath or in a steam 
tt«riliMr, ai 100° C, for liii hour, shaking the ftask fraa 
timo to timo, BO M to prevent the peptone i 

clwiTDd. 

(7) Now ttuntnitisa Mrc/u7/^ with a concentrated BolatioD i 
»f (oiliiim carboiiato, making the solation faintl/ alkaline. 

(Hhould tho solution have been made too alkaline, | 
Btld a little lactate of ammonium, till the propwl 
dogroB of alkitlinity is reached.) 

(B) After neutral iaation, heat for another half-hour ht' 
till) water bath or st^iam steriliser, ghaking the flask from 
time to timo a« Ixifore. 

(9) Once more test the reaction, and if unchanged, i.e. if j 
(■lightly alkaline, filter into a sterilised flask through two 1 
hyon of Swodiab flltor-[)aper. 

(10) Htoriliio on two euccessive days in the c 
for twenty minutes on each occasion.^ 

To JlUlubf-nimth broth.— 

Take a number of cleaned and sterilised teBt-tubea. 

I If «rt(ir tho flrat itorilipstion u prBcipitato Rppusra, or the 1)10111,1 
Iwunmi* turbid, «llow It to settle ; then filter again ami 
lliD jtsrlllutloD. ir, la spite of a aacond filtration, the broth doM^ 
not remain clour, it <■ advixablo to add the wLite of an egg to thai 
broth, while cool, anit to heat it gtadaalt;, shaking it (rora time to I 
tiniB, Hottt till ail tho ulbunion is precipitated ami oairieil down with | 
the whits of egg. Then filter again, and aterilise on three ei 
oecMioni. 
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Pour Bome broth into a sterile separating funnel, and 
allow 5 to 8 cc. to run into each tuba. 

Sterilise these broth-tubes in the steamer, for twenty 
I minutes, on three successive days. 

It is advisable during sterilisation to cover up tho tubes 
L with a piece of stout tinfoil, eo as to prevent the steam 
I from condensing on the cotton-wool plugs. 

In iiny case, when nutrient media are to be sterilised 
in the steamer, care should be taken that the 
latter is heated up to 100° C. before the tubes or 
liaska are placed in it. 
Occasionally after sterilisation a slight precipitate 
appears in the broth. This will settle gradually, 
and for ordinary purposes may be disregarded. 

II. Gltcerink BnoTn and Grape-Sugab Brotu. 
(h.) Glycerine brolk. 

To every 100 cc. of broth add 4 to G cc. of pure glycerine, 
I knd shake the flask till they are thoroughly mixed. 

Fill sterile test-tubes, and sterilise them in the usual 



(6) Grape-sugar hvlh. 

To every 100 co, of broth add 2 grammes of grape-sugar. 
When the sugar is quite dissolved, fill a number of 
\ iterile test-tubes, and sterilise them in the usual manner. 

Glycerine broth ia used for tho cultivation of tubercle 
bacilli, and grape-sugar broth for anaerobic cultiva- 
tion. 




IIL Heat Ixfcsios. 

(1) PrepftTfl the meat as befor« (eidi p. 83^ 

(2) To one poouj of the minced beef iidd 1000 ce. of 
distilled wat«r and allow the mixtuie to stand in a cool 
place for twenty-four houra, bariiig preriously Btirred it 
rigwoittly. 

(3) Noxt day strain throDgh maslia, and preu u mod 
juice as pouiblo ont of the meat 

(4) Make np to 1000 cc with dUtiUod water. 

(5) Pour the atrained infusion into a flask, containing 
5 grammes of sodium chloride and 10 grammes of peptone, 
and heat in a water bath or in the steamer for an hour ; 
then proceed exactly ax before (vide mtpra). 

(Koch advised the preparation of bouillon with meat 
infusion. This method, however, has no spe^al 
advantages and is leas convenient, requiring more 
time.) 

IV. Gelatine. 

(1) Prepare 1000 cc of broth {vide supra) and pour it 
into a large boaker, containing 100 to 1 20 grammes of sheet 
gelatine rolled up, 

(2) Allow the gelatine to soak for half an hour to one 
' liour. 

(3) Place the beaker in a water bath, covering it up 
with a clean gloss plate, and heat the bath slowly and 
Iteadily, without letting it reach boiling-point. 

(l) When the gelatine has been dissolved neutralise 
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mrefidly, and heat for another haif-hour, stirring it from 
time to time. 

(5) Then add the white of an egg, and continue heating 
till all the albumen is precipitated. 

(6) Filter through a hot-water funnel with two layers of 
moistened filter-paper into sterilised flasks, and sterilise in 

k the steamer on two successive days for twenty minutes.* 

To Jill tubes imlh gelaiine : — 

Melt the gelatine and pour it into a sterile separating 
Kfimnel, and proceed as described for broth-tubes {vide p. 84). 
The gelatine tubes must be sterilised in the steamer on 
Kifrwo successive days. 

After the last sterilisation, place some of the tubes, 
while still liquid, on a sloped tray and allow the gelatine 
10 set iu this manner (for streak cultures). Allow the others 
set in an upright position (for stab cultures and plates). 

V. GRAfE-SUGAK Gelatine. 

(1) In every 100 cc. of liquid gelatine diaaolvo 2 grammes 
if grape-sugar. 

(2) Fill teatrtubes, and sterilise on two successive days 
(.in the usual manner. 

VI. 25 Per Cent Gelatine. 

(1) To every 100 cc. of liquid 10 per cent gelatine add 

' Gelttine niuflt not be heated too much uor too long, since by bo 

■ doing it may lose ita property of setliDg when cold. The gelatine 

■ dlDiild be quite clear. If it be turbid aftei sterilisation, this is often 
o the fact that it is too alka,liiie. In such a case add lattato of 

ftfemnionium, not liydrochloric er uitrie actd. 
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15 grammes of sheet gelatine, and heat slowly in a beaker, 
placed in a water bath, till all the gelatine is dissolved. 

(2) Neutralise in the usual manner, and again heat for 
half an hour to one hour. 

(3) If necessary, clear with the white of an egg. 

(4) Then filter through a hot-water funnel into a sterilised 
flask. 

(5) Fill test-tubes in the usual manner, and sterilise them 
on two successive days. 

Grape-sugar gelatine is employed for anaerobic 

cultivation, and 25 per cent gelatine is especially 

useful in the diagnosis between the bacillus of 

typhoid fever and t!ie Bacterium coli commune. 

I 

VIL Carbolic Acid Gelatine. 

(1) To every 100 cc. of liquid 10 per cent gelatine add 
4 cc. of a 5 per cent solution of pure carbolic acid. 

(2) Fill test-tubes in the usual manner, and sterilise them 
on two successive days. 

This gelatine is most useful for the separation of 
typhoid bacilli or of the Bacterium coli commune. 

VIII. Peptone Solution. 

(1) To 10 grammes of pure peptone and 5 grammes of 
sodium chloride add 1000 cc. of distilled water. 

(2) Boil for an hour, neutralise carefully in the usual 
manner, and boil for another half-hour. 

(3) Filter into sterilised flasks, and sterilise in the auto- 



I 



clave at 120° C. for twenty minutes: a eiiigle sterilisation 
suffices, but overheating must be carefully avoided. 

(4) Fill test-tubes in the usual manner, and sterilise them 
,in the autoclave. 

IX. Potato Tubus. 



(1 ) Take sound large potatoes and scrub them thoroughly. 
(3) Cut off the ends, and with a. cork-borer bore solid 
t cylinders out of tho potatoes. 

(3) These cylinders should measure 3^ to 4 in, in length, 
and just fit the lumen of the test-tubes. 

(4) By means of a diagonal cut divide them in two, 
and wash them thoroughly in water, which may be shghtly 
alkaline. 

(5) Now take sterilised teat-tubea, and at the bottom 
of each place a little moistened cotton-wool. Into each 
tube drop a piece of potato, with the brood end downwards, 
and replace the cotton-wool pings. 

(6) Sterilise in the autoclave for half an hour to one 

Iliourat 120° C, covering the tubes up with stout tinfoil 
ivoid overheating, otherwise the potatoes will lose their 
utural white colour and become sodden in appearance. 



X. Milk Tubes. 



L 



(1) Neutralise "separated milk," if it be acid, and fiU a 
umber of sterile test-tubes, in the ordinary manner, using 
. separating funnel 

(2) Sterilise on three successive days in the steamer. 



XI. Agar-Agar. 

(1) Weigh out 10 grammea of agar-agar fibre, cut it up 
finely, and allow it to swell in a very dilute solution of 
acetic acid (3 to 4 cc. of glacial acetic acid to 500 cc. of 
water) iar fifteen minutes. 

(2) Drain away the acetic acid. 

(3) Wash the agar-agar in distilled water, to remove all 
trace of acid. 

(4) Add the washed agar-agar to 500 cc. of broth and 
boil : it will dissolve in about fifteen to thirty minutes. 

(5) Neutralise carefully — very little sodium carbonate is 
required — and boil again for a few minutes. 

(6) Allow it to cool somewhat ; then clear it by adding 
the white of an egg, and heating it in the autoclave for a 
half to three-quarters of an hour or even longer. 

(7) Now filter tfirough a hotr-water funnel. 

To hasten the filtration, if neceseary, change the filter- 
paper frequently, and always keep the unfiltered agar-agar 
hot {see note p. 92). 

(8) Sterilise the filtered agar-agar in the autoclave for 
twenty to thirty mintitea at 120° C. : a single sterilisation 
is sufficient. 

Agar-agar prepared in this way will often filter as 
quickly as gelatine, and is exceedingly clear. 
To fill tubes mih agar-agar : — 

Melt the agar-agar in the autoclave and pom' it iiitti a 
sterile separating funnel, and fill the tubes iu the usiud 



The tubes afterwards must he sterilised in the autoclave, 
being at the same time covered up with stout tinfoil. 

When the sterilisation is complete, place some tubes on 
the sloping tray and allow the agar-agar to set ou the slant ; 
allow the other tubes to set in an upright position. 

The latter may be sloped at any time by again melting 
the agar-agar in the autoclave and placing the tubes on 
the sloping tray. 

XII. Glycerine Agar-Agar and Grai'E - Sugah 
Agar-Agar. 

(a) Qhjcerme agar-agar. 

(1) To every 100 cc. of liquid agar-agar, add 5 to 6 cc, of 
pure glycerine, and mix thoroughly. 

(2) Fill test-tubes in the usual manner, and sterilise 
them in the autoclave. 

(3) Some tubes should be allowed to set on the slant, 
others in an upright position. 

(i) Grape-sugar agar-agar. 

(1) To every 100 oc. of liquid agar-agar add 2 grammes of 
grape-sugar, and shake till the sugar is dissolved. 

(2) Fill test-tubes in the usual manner, and sterilise 
them in the autoclave at 120° C. 

1(3) Allow the agar-agar to sot in an upright position. 
If the grape -sugar agar -agar is to be used for 
anaerobic cultivations, the tubes must be filled to 
two-thirds of their height. 
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To prevent the agar-agar from slipping, after having 
been slanted, allow it to cool and set slowly, and 
keep the tubes for one or two days at the tempera- 
ture of the room.^ 

Xni- Serum Agar-agar. 

(1) Take 100 cc. of fresh ascitic or pleuritic fluid. 

(2) Add 2 to 2*5 cc. of a 10 per cent solution of caustic 
soda, shake gently and heat in the steamer for an hour. 

(3) Now add 1*5 grammes of agar-agar, treated as 
described on p. 90. 

(4) Heat in the autoclave for about two hours, filter and 
fill tubes in the ordinary manner. 

Serum agar-agar tubes are of value in the cultivation 
and separation of diphtheria bacilli, for diagnostic 
purposes.^ 

* In preparing agar-agar according to the above method it is not 
necewiary to clear with the white of an egg, tlioiigli this considerably 
improves the clearness of the medium. To hasten filtration, in case 
this should be slow, — as occasionally happens, — instea<i of changing the 
\Aiien the hot agar-agar may be first passed through Papier Chardin 
(Cogit and Co., Paris), and then through two layers of Swedish filter- 
[>aper. In any case, before filtering, the agar-agar should be heated np 
properly. 

* The addition of 5 per cent glycerine and 1 per cent grape-sogar is 
advisable. 



Eismination of Water— I. Quantitative EsaminatiOQ by Plate CiUtura 
Method and Boll Tabes— Effect of Suoliglit on Water. 

I. QuautitatiTe Examination of Water 

Collect the water to be tested in a sterilifled flask, 

(0) If tap water, allow it to run for a minute or two 
, before collecting it. 

(b) It stagnant water or river water, collect it from 
^ng depths with speuial pipettes or bottles, and empty 
tbe latter into sterilised flasks. 

A. Tap Water. 

(a) Plate cuUwe method. 

(1) Collect 100 cc. of the water to bo examined in a 
Used flask, and shake the latter. 

(2) With a sterile graduated pipette, connected with a 
jTt india-rubber tube, suck up '25 cc, of this water, and 

nd it Boverally to each of three liquefied gelatine tubes. 
To steriliae the pipette, it should be plugged with 
cottoo-wool at its broad end (a), and placed in a 
test-tube, the mouth of which is al"0 plugged with 
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cotton-wool (I). The tube and pipette shoold then 
be placed in the hot-air steriliser (ride fig. 2). 

Before using the pipette, fix a thin india-rubber tnbe 
to it, without removing the cotton-wool plug. 

(3) To other three gelatine tubes add serenJly -1 cc. of 
the water. 




dy 



Fio. 2. 




Fio. S. 



^4) Gently shake the gelatine tubes, and prepare plates 
in the usual manner {vide p. 29). 

(5) Keep these in the cool incubator at 22° C. 

If the water to be tested be suspected of containing 
large numbers of bacilli, smaller quantities, less 
than •! cc., should be added to the gelatine.^ 



* The pii>ctte8 sold by Hawksley are well adapted for measurmg 
minute quantities. 



coTJirrwa colonies in plates 



In order to keep the pipette sterile, after it has been 

iised, push it, through a loosely fitting cotton-wool 

plug, into a flask containing sterile water, which is 

kept at boiling point over a gas flame (Fig. 3). 
Each time before using the pipette, of course, it must 

bo allowed to cool. 
Examine the plates from day to day, and count the 

colonies which appear, in the following manner :— 
Cut out a piece of paper, fitting exactly the under 

surface of the Petri's capsule, t 

sixteen equal segments, of 

which one is painted black 

(vide Fig. 4). Fix this to 

the under surface of the 

capsule, and with a lens [ 



ind divide it into 




I 



microscope 
count the colonies over 
the black segment. Mul- 
tiply this number by six- 
teen, and the result will 
give the number of organisms in -25, -1 cc, or 
whatever quantity of water was used. 

(b) Mltuies. 

(1) Prepare gelatine tubes aa Ijefore. 

(2) Shake them gently, bo as to distribute the water and 
is organisms as unifonnly aa possible. 

(3) With a tube containing boiling water melt a groove 
block of ice, 



(i) Place the gelatine tube, containing the water to be 
tested, in this groove, keeping it horizontal ; and roll it 
rapidly round and round, until the gelatine sets on the 
inner aurfaee of the tube in a uniform layer. 

(5) Place these roll tubes in the cool incubator at 22° C. 
Examine the tubes from day to day, and count the 
colonies, before liquefaction seta in. 

The counting must bo done by means of Esmarch's 
apparatus. 

The quantitative examination of water is not of great 
value, except for the purpose of testing filters, or of 
comparing different kinds of water, as for instance tap 
vater and distilled water, or of studyii^ the effect of 
physical or chemical processes on a given sample of 
watflf. 

B. Distilled Watsb. 

Prepare gelatine tubes and work them up in exactly the 
same manner as described above, and compare the result of 
this examination vfith that of the previous one. 

Fresh distilled water contains fewer organisms than tap 
water. 

C. Tank Water. 

Remove two samples : (a) from the surface ; (b) from a 
given depth (a foot below the surface). 

Work these samples up in the manner ah-eady described, 
using, however, not more than ■! or -12 cc. 

Compare the results: the surface water will contain 
more organisms than the water removed from the depth. 



ACTION or SUNLIGHT ON WATER 



D, Effeot of Sunlight on Water. 

(1) Fill a tall glass cylinder with tank water, and expose 
lit to active sunlight for several hours, having first removed 
fta sample from the surface by means of a sterile pipette 
I (Sample A). 

(2) Having allovred the sun to act on the water for 
several hours, remove a second sample from the surface, 
and another from the depth (Samples B ajid C). 

Now work up these throe samples in the usual manner, 
■ using not more than '1 to '12 cc. 
Compare the results : 

Sample A contains most organisms ; 
Sample B fewest. 
The sun has little or no action on the Bacillus fluor- 
escens liquefaciens, if the latter should be present 
in the water. 



Exaniinatiou of Water (coiilia'icd) — II. QqiilitntiTO Esamination — 
Examinatioi] of Water for the Bacillus of Typhoid Fever and thw 
Bacterium ColL Comiuuiiu — Indol Kcaction. 



n. Qualitative Examination of Water 

A. Examination of Water for the Bacillus of 
Typhoid Fever and the Bacterium Coli Commune. 

Two samples of water are supplied (A) and (B), of which 
(A) contains typhoid bacilli, and (B) a mixture of typhoid 
bacilli and the Bacterium coli commune. 

(1) Take 500 to 1000 cc. of each sample and filter through 
sterile Berkefeld Altera into sterilised flasks (vide Fig. 5), 
which are connected with an air-pump. 

The filters shoidd be previously sterilised in the auto- 
clave, the flasks in the ho^air steriliser. 

(2) Pour 10 cc. of the filtered water, which is sterile, 
into a small sterilised beaker, protected with a sterile 
cotton-wool plug. 

(3) Now aaeptically unscrew the " candle " of the filter. 

(4) With & soft sterilised tooth-brush gently scrape the 
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" candle " of the filter, so aa to get as many aa possible of 
f'the bacteria from the surface of the candle into the beaker. 

(5) The water in the beaker will 
now be muddy in appearance and 
contain most of the micro-organisms 
retained by the filter. 

(6) Plug the beaker with cottou- 
I wool. 

(7) Prepare and melt several 
I carbolic acid gelatine tubes, and to 
I each add, with a sterile pipette, '005 
I to '05 cc. of the water containing the 
I- bacteria scraped off the fitter. 

(8) Pour plates in the usual 
I manner, and place them in the cool 
I incubator. 

The growth of large numbers 
of micro-organisms, especially of* 
the liquefying ones, will be inhibited 
contained in the gelatine. 

1(9) When colonies have appeared, make subcultures of 
those in any way resembling the bacUlua of typhoid fever 
or the Bacterium cob commiue : 




the carbolic acid 



(it) gelatine streak cultures ; 
(h) gelatine Bhuke cidtures ; 
(c) 25 per cent gelatine stab cultures. 

Place (a) and (h) in the cool incubator, and (i;) ii 
warm at 38 '5'' C. 



(10) Subsequently select those cultures which apparently 
conaist of typhoid bacilli or the Bacterium coli commune, 
and eonfirm the diagnosis by 

(a) microscopical examination ; 
(S) milk cultures (at 38-5° 0.) ; 
(e) growth on potatoes (at 38-5° C.) 
For differences between the bacillus of typhoid fever 
iind the Bacterium coli commune vide p. B3. 

(11) Test also for the presence of Indol. 

(it) Prepare broth cultures and keep them at 38-5 C. 

for two to fourteen days. 
(6) Now add 1 cc. of a solution of potassium nitrite 

(containijig -02 grammes in 100 cc), and then a few 

drops of pure sulphuric acid. 
If Indol is present, the liquid in the tube turns red. 
The Bacterium coli commune gives a positive resulli 

the baciUua of typhoid fever a negative result. 



[ Exammation of Water (ariKlildiii) — Eiamination of Water for the 
Vibrio Cholenc AaiaticE— Poptono Methoci—G ruber's Method— 
Agar-Agar Plate Method — Gelatine Plate Method. 

n. Qualitative Examination of Water [amdiideiii 

\ B. Examination of Water for the Vibrio Cholera, 
Asiatics. 

A sample of water is supplied containing cholera yibrios 
I (600 cc. of distilled water containing four broth tubes 
I of cholera vibrios). 

I. Peptone method. 

(1) To separate the vibrios, Gil four small sterilised 
fiaske with 50 cc. of 2 per cent peptone solution each. 

(2) To these add respectively 60 cc, 40 cc, 25 cc, and 
^^M 10 cc. of the suspected water, and place the flasks in the 
^^1 warm incubator till next morning. 

^^P (3) Ifow examine the surface of the culture fluid for 
^^B vibrios by means of cover-glass films, which should be 
^^M attuned with carbol fuchsine or aniline gentian-violet (t^ 

Bp. 10). 
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If there he a pellicle on the surface of the culture 
medium in these flasks, examine it for vibrios. 

If vihrios are present — 

(a) Prepare gelatine plates in the usual mannery keep 
them at 22° C, and examine them from day to day. 

Any suspicious colony should be used for subcultiva- 
tion : 

(1) Under a dissecting microscope fish out the colony 
with a thin platinum needle, and make gelatine 
stab cultures and agar-agar streak cultures. 

Keep the former at 22° C. and the latter at 38'5** C. 

l<3xamino from day to day, and prepare cover-glass 
specimens, which should be stained with carbol 
f uchsino or aniline gentian-violet (vide p. 40). 

(2) From the susjncious colonies start also subcul- 
tures in peptone tubes. 

Place them in the warm incubator for eighteen to 
twenty-four lionrs. At the expiration of this time 
examine microscopically for vibrios. 

Apply also the test for "Cholera Ked" to one of the 
tubes, by adding a few drops of pure concentrated 
sulphuric acid. 

The peptone solution should acquire a markedly red 
tint. 

(h) Inoculate also a series of peptone tubes from the 
peptone flasks, and keep them at 38 "5° C. for twenty-four 
hours. 

(1) Then tost one of these tubes for "Cholera Red." 






» SEPARATION OF CHOLERA VIBRIOS lOB 

(3) Kxamine another microscopically, and if vibrios 
are found to be pi-esent, prepai'e gelatine platea 
and work these up as almve. 

II. Gruhei's metUud. 

(1) Grow cholera vibrios in tubeSj containing broth or 
peptone solution, for twenty-four hours at SB'S" C. 

{2) Then sterilise these tubes by heating them from 
60° C. to 65° C. for ten minutes in a water bath. 
Such tubes should bo kept in readiness. 

(3) Inoculate four such tubes with ^1 to b cc. of the sus- 
pected water, and place them in the warm incubator for 
twenty-four hours. 

(4) Then test one tube for " Cholera Eed," and compare 
the tint with that obtained from a tube not inoculated 
with the suspected water ; the former should be a deeper 
red ; examine another tube microscopically for vibrios ; 
from the others make gelatine plate?, and work them up in 
the maimer described above. 

It is often possible to give a definite opinion in from 
eighteen to forty- eight hours. 

I III. Agar-agar plates, 

(1) Liquefy three agar-agar tubes and cool them down 
to 40° C. in a water bath. 

(2) Inoculate one with -25 to -5 ce. ol the suspected 
water. 

(3) From this tube inoculate the second with three 
platinum loops, and from this second tube the third also 
with three loi)p9. 



104 BACTERIOLOGICAL ANALYSIS lebsox t 

(4) Pour plates in the usual manner, and when the agar- 
agar is firmly set, place them in the warm incubator, lid 
downwards, so that the condensation water does not collect 
on the surface of the agar-agar. 

(5) Examine the plates next morning microscopically, 
and make subcultures in gelatine (stab cultures), on agar- 
agar (streak cultures), and in peptone. 

Keep the gelatine tubes at 22* C, the agar-agar and 
peptone tubes at 38 'S* C. 

(6) After twenty -four hours examine microscopicaUy, 
and test the peptone tubes for " Cholera Red." 

This method often yields quick results. 

IV. Gelatine plates. 

(1) Liquefy three gelatine tubes and inoculate the first 
^ith '25 to '5 cc. of the suspected water. 

(2) Proceed exactly as in the case of the agar- agar 
tubes described above. 

(3) Prepare three plates and keep them at 22° C. 

(4) Examine these from day to day microscopically, and 
also make subcultures in the manner stated above. 

Unmistakable colonies will be found after thirty-six 
to forty-eight hours. 



LESSON VI 

n or Milk— I, (Juantitntive Examination by Plate Caltnre 
Method— II. Qualitative ExaiiiinatioB—BacilluB of Typhoid Fever 
— Baoterinm Coli Coranmne— Stceptocooens Pjogenea— BaoilluB 
DiphtlieriEe— Tahsrcle BaoilluB 

Iizamination of Wilfr 

I. QnANTITATIVE EjCAMINATION. 

I As ordinarily obtained, milk always contains micro- 
brganisniB. 
, (1) Collect the milk in sterile flasks, having first shaken 
tip the sample supplied. 
(2) ^th a sterile pipette inoculate several liquefied 
gelatine tubes with quantities varying from -005 cc to '06 

(3) Prepare gelatine plates, and place them m the cool 
^^ incubator, 

^^H (4) Examine and count the colonies in the same manner 
^^■u vas described on p. 95. 

^^B As in the case of water, eo here also, the quantitative 

^^M examination is of comparatively little use, the quali- 

^^B tative analysis being of much greater importance. 



II. QUALITATrTE EXAMINATION, 

Five sampleB of milk are supplieil. 

Sample A contains Typhoid bacilli 

„ E „ Dacteriiim coli cornmuna 
„ C ,, Streptococcus pyogenes. 
„ D „ Bacillua diphtheria. 
„ E „ Tubercle bacilli. 

(a) Samples A and B: Bacilliis of typhoid fever and Ihe 
Baderiwn coli etm/mune. 

Examine for typhoid bacilli and tbe Bacterium coli 
commune, by preparing plates, in tbe manner described on 
p. 105, using, however, carbol gelatine instead of ordinary 
gelatina These plates must be worked up as detailed on 
p. 99. The filtration method is unfortunately not applicable 
to milk. 

(b) Samples and D: Streptococcus pyogenes and the 
Badlias diphihervz. 

(1) Use three sloped agar-agar tubes, 

(2) Stir up the milk, so as to distribute the suspended 
organisms uniformly. 

(3) Dip a stout platinum loop into the milk. 

(4) Now make three parallel streaks on the surface of 
tbe first agar-agar tube. 

(5) Without dipping the needle again into the milk, 
make three parallel streaks on the surface of the second 
agar-agar tube, and also of the third. 

(6) Place the three agar-agar tubes in the warm 
incubator. 
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Examine next day. 

Pick out the smallBat colonies which appear auspi- 
cious, and make Bubciilturas on sloped agar-agar, 
and keep the latter at 38'5° C. At the same 
time make a microscopic examination of the 
auapicioua colonies (vide p. 78). 

Streptococci and diphtheria bacilli, if present in 
sufGcient number, can readily be detected in this 



If diphtheria bacilli he suspected, instead of agar-agar, 
sloped serum agar-agar may be naed with great advantage 
{vide p. 92). 

>(e) Sa/nipte E .- Tubercle badlius (Van Ketel's method). 
(1) To 200 cc of the suspected milk add 10 cc of strong 
liquefied carbolic acid or 10 grammes of carbolic acid 
crystals. 

(2) Shake vigorously in a well-corked flask for two to 
iive minucos. 

(3) Now pour the carboliaed milk into a conical urine 
glass, and allow it to stand under a glass cover for twenty- 
four hours. 

(i) With a fine capillary pipette remove a little from 
the deepest layer of the sediment, and prepare films iu 
the usual manner, by rubbing it between two cover-glasses. 

(5) Allow the films to dry in the air and pass them 
three times through the flame. 

(6) Now pass the films through a solution of alcohol 
and ether (eqiuU oarta). 



;'/* 



h h^maa cn/yjic ai. 
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LESSON VII 



Examiiiatiuu of Air aud Dust — Plate Culture Uetliod — Aapiratioti 
througli Broth— Filtration througli Sagar 

Examination, of A't sad Siut 

I. Plate Cultore MKraoa 

(1) Prepare three gelatiae plates, aad expose them to 
the air at different spots and levels ia the room for half an 
hour, one, aad two hours respectively. 

(2) Then cover them up with sterile lids, and place 
them in the cool incuhator. 

(3) Examine the plates and count the colonies from 
day to day. 

I The plates which have been kept nearest the floor, 
or have been in a draught, will contain most 
colonies. The number of colonies will also vary 
with the time of exposure. 
Prepare subcultures in gelatine (streak cultures) of 
the various colonies. 
Various kinds of Staphylococci, Sarcinae, and Torulae 
or Yeasts, or even Cladothrix, probably will be 
found. 
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This is a rough method and of comparatively little 
use. 

II. Aspiration through Broth. 
Put up an apparatus as shown in the diagram (Fig. 6). 

(1) Into the flask (c) pour 50 
cc. of sterile beef broth ; close it 
with an india-rubber stopper {h\ 
and pass the bent tube (a) through 
the perforated stopper into the 

Aspirator / '%U d \ brOth. 

(2) Now plug tho free end of 

o, Bont rIehh tiibo 8 to nnn. tho bout tubo and of 6 with 
In diameter; ?>, india-rubl)cr ,, i j j. -t j.i. 

8toi,i>er;c, mteriugfla8k;d, cotton-wool, and stenliso the 
^rotii. whole apparatus in the autoclave. 

(3) When the flask and })roth have cooled down, remove 
the cotton-wool plug at a and slowly aspirate air through 
tho flask by moans of tho air-pump. 

Continue tho aspiration for half an hour to one hour. 

(4) Now again plug a with sterile cotton-wooL 

(5) Liquefy several tubes of gelatine, and to each add 
•05 to '1 cc. of tho broth through which the air has been 
aspirated, and prepare plates in the ordinary manner. 

(6) Keep tho plates in a cool incubator ; examine them 
and count tho colonies from day to day. 

Colonies should be examined, both microscopically 
and by means of subcultures, as they appear. 

III. Filtration through Sugar. 

(1) Powder a little loaf sugar as finely as possible. 
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(2) Draw out a glass tube {5 mm. in diameter a 
15 cm. in length) at one end and fuse it off hera 

(3) Fill tbe tube with the powdered sugar 
up to its middle, and plug its open end with 
two small cotton-wool pluga (ji^ and p"), as 
shown in the diagram (Fig. 7). 

(4) Sterilise this tube in the hot-air steriliser 
at 100° C. for half an hour to one hour. 

(5) When cool remove the plug p\ and 
connect the sugar tube with the aspirating 
apparatus (Fig. 8). 

(6) Fix the sugar tube by mea-ns of a clamp 
(C^, Fig. 9), and with a pair of sterile forceps 
break off its drawn-out end. J*" ""' !"■ »™" 

(7) Loosen the clamp of the aspirating ap- ?!"(!»■ 
paratUB and aspirate by alternately changing the positions 

A 




— Aiptcatlng ApimnCng. 



of bottles I and II, at the same time altering the 
connections as required. 
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Aspirate for one or two hours, counting the number 
of aspirations performed, so as to ascertain the 
volume of air taken and the rapidity of aspiration. 

(8) Now remove the sugar tube and shake out the 
sugar into a flask containing 50 cc. of broth, which of 
course must be sterile. 

(9) Liquefy several gelatine tubes, and add to each from 
*1 to *5 cc. of the sugar solution, and pour plates in the 
usual manner ; and work them up as befora 

Count the colonies in the plates in the way described on 
p. 95. 



LESSON VTII 



Eiammation of Ait and Dnat {fmiclvdcil) — Auatirobic Genns — EsanjiD- 
stion of Soil ^ Siirfacu Soil — Tetanus and Malignant GCdemu 
Bttcilli— Anaerobio Growth in an Eslmasted Flask — Anaeroljic 
Growtli in Ejdrogsn — Fractional Sepanitioti ol' Tetanus BacillL 

t Examination of Air and Dnat {cwtcJmlal) 

IV. Anaerobic Gekms i>f Am and Dust. 

(1) Put up an apparatus as shown in the diagrftin 
(Fig. 10). 

(2) Place the Wolff bottle 
(A) in the water bath, which 
must be kept steadily at 
38'5' C. 

(3) Remove the cotton- 
wool plug from a, and by 
means of thu aspirator slowly 
suck air through the warm 
gelatine for half an hour to 




fl uii b, tuboq pli]f[ged with 
ool ; C, clamli on tutm cwn- 
ppaimtctB nitli aiipInitDr. 



one hour. 

{4) Now fuse off the tube at /', and aspirate again 
until the llaak (A), which must be kept in the water bath 
|I1 the timo, is exhausted. 
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(5) Clamp at C as tightly as possiljle, ao as Ui preveufc J 
air from entering into the flask (A). 

It is adviBable tn smear all the tittinge and joints ' 
and the end of the india-nibber tube below with I 
hard paraffin. 

(6) Place the flask in the cool incubator and watch for ] 
the appearance of colonies in tbe gelatine. If such appear, ' 
carefully melt the gelatine at 33^ C. and shake the flask \ 
gently, and with a sterile pipette fill each of 5 to 
tubes with 10 cc. of the gelatine. 

(7) Prepare roll tubes of them in the ordinary manner, ] 
These should bo loosely pluggeil. 



(8) Place tl 



hm 



I 



je tubes in a sterilised, large, wide-necked i 
bottle containing some freshly prepared 1 
solution of pyrogallic acid in caustic I 
potash^ (Fig. 11). A little moistened! 
sand (s) should previously be pit 
the flask, for the tubes to rest on. 

(9) Close the wide neck of the flaak 1 
with a perforated india-rubber stopper (i) 1 
Pia n. g^^ insert a bent tube {() through 1 " 

stopper, which must not extend far into the bottle. 

(10) Connect the bent tube with the air-pump and 
exhaust the bottle thorougUy. 

(11) When all the air has been exhausted, cliirap tightly i 

' This ia made by asing 10 co. or a 10 per cent aolution of a 
potttsli for Every gniiume of pyrogiillic aoid reiiuireii. The canstial 
potasli aolutiou must not bfl added to tLe pyrogallic acid until ji 
before closing the fla^ik. 



at C, and place the tlosk with the rail tubes in the cool 
incubator for severaJ days. 

(12) Then examine the tubes for colonies, and make sub- 
cultures in grape-sugar gelatine (stab cultures), and place 
them in a wide-necked bottle, and proceed as just described. 
This method is fairly convenient as a means of acijai-- 
itting anaerobic organisms. 

Examination of Soil 

L Surface Soil. 

(1) Scrape a little earth from the surface of the ground 
with a sterile knife or spoon, and collect it in a sterile 
beaker. 

(2) Introduce small quantities of it into a number of 
liquid gelatine tubes with a platinum loop, and gently 
shake the tubes, so as to distribute the particles of earth as 

^ uniformly as possible. 
1 (.3) Prepare dilutions in the usual manner. 
(4) Make roll tubes as previously described, and place 
some of these in the cool incubator. 

Examine the tubes from day to day, and prepare sub- 
cultures from the colonies as they appear. 
(.')) Place the remaining roll tubes in a large wide-necked 
bottle as described in the previous section (vide Fig. 10) ; 
and baring exhausted the flask, place it in the cool in- 
cubator. 

Examine the tubes from day to day, and prepare sub- 
cultures in grape-sugar gelatine (deep stab cultures). 



Tb« latter ihoulU be placed m » wble-neckAd boOle, 
and titifl should be cxhau8te<l of its sir. 

Vivery time the Ixittle is opened it aost be >^m 
eilutu«t«il. 



R ExAMtNATlos ov Soa FOE Tetanus asd 1 
KA«T (Kl'KMA BacILLI- 

Two rotnjilo* of utoriliMMl black garden earlb, artificiaUf 
iniiired^tiuleil with tetanus and malignant oederma ba cflii 
ro>{)ectivoly, arc Kiippliud. J^H 

(a) On/wth in an e^duiudrd fituk. ^^| 

(1) Iiitrwliiue small <|uaQtities of each sample into tabas 
ootitAiniiiK liquid grapv-sugar gcUtine, and gently shake 
the tuboi, 

(2) Make several dilutions in the ordinary manner. ^| 

(3) Prcpiiro roll tubes. ^| 

(4) Place some of these roll tubes in a wide-necked 
ijoltlt), which mUHt then be oxhauBted {vide p. 114). 

(6) I'rococil exactly as doBcribcd previously (wda p. 114). 

Thu l.ulwB muBt bo examined, from day to day, for 
colonies of totanua or mB,lignaiit osdema bacilli. 

If any colonies of tetanus or malignant osdema bacilli 
appear, start subcultures in grape-BUgar gelatine 
(stab cultures), which must he placed in a flask, 
the air of which is Bubsequently cjthausted. 

{h) Onrwih in hydrogen. 

(1) The remaining roll tubes, loosely plugged, shoi 



be placed in a wide-necked flask or bottle, arranged as 
shown in Fig. 12, 

(2) Connect the flask with a. hydrogen apparatus, and 
allow hydrogen to pass through it for one hour. 

The hydrogen should be sent through three wash 
bottles, containing respectively lead nitrate (1 : 10), 
nitrate of silver (I ; 10), and pyrogallic acid (added 
to 1 per cent caustic potash) solutions, in order to 




remove impurities, such as arseniuretted or sul- 
phuretted hydrogen (Fig. 13, I. II III.) 

(3) When the air has been replaced by tho hydrogen — 

which is best tested by applying a light to the tube a — 

fuse off at a first, and then also at h, and place the flask 

^^Eia tho cool incubator. 



Examine the tubes from day to day, and work them 
up as already described, i.e. make subcultures in 
grape-sugar gelatine (stab cultures). 

These must bo placed in a wide-necked bottle, through 
ich hydrogen is again passed as before, 
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Each time the flaalt is openet 

passed through it again. 

(e) Fradimicd separafion of tetanus h 

(1) Introduce Bmall quantities of the earth impregnate 
with tutanus bacilli into three tubes containing liquid grapfr- 
sugar agar-agar, and also into three tubes containing liquidj 
grape-sugar gelatine, kept at 60° C. 

(2) Heat them for half an hour at GO' C, and then allowfl 
them to cool. 

(3) Now placfi them in a flask, which musb be exbausteilfl 
in the maimer already described {vide p. 114), 

(4) Place flask and tubes in the waim incubator forj 
twenty-four hours. 

(5) Kow heat the tubes again at 60° C. for half an tourl 
to one hour ; and place them in a flask, exhausted of air, in] 

the warm incubator. 

(6) Examine the tubes on then 
second or third day by meana < 
films; and if the cultures appear toJ 
be pure, make subcultures in grapo--B 
sugar agai^gar, and in grapa-sugarM 
gelatine (deep stab cultures). 
ThesQ must be placed 
flask, which then must t 
exhausted and placed in t)u 
warm or cool incubator, i 
Mgoiator. the case may be. 

If the ciUturea, however, are not, or appear not to haiW 
pure, the tubes should be heated onco more at C0° C. foj 




VIII SEPARATION OF TETANUS BACILLI 119 

half an hour to one hour, as above described. This should 
be repeated, until the cultures are pure. 

The separation of tetanus bacilli without animal 
inoculations is by no means easy. 

Tlie gelatine cultures when pure may be kept in the 
cool incubator. 

To keep the tubes at a steady temperature of 60° C. 
arrange a large beaker, filled with water, over a 
gas flame, and regulate the temperature by means 
of a thermo-regulator, as shown in the diagram 
(Fig. 13). 



LESSON IX 

Examination of Decomposing Meat — Aerobic Putrefaction — ^Anaerobic 
Putrefaction — How to Examine a Sample of Unsound Meat — How 
to Examine Meat for Tiichina Spiralis — Cysticercus — Psorosper- 
mosis — Examination of Ice Cream. 
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Examination of Decomposing or Diseased Meat 

A. Putrefaction. 

Mince a little fresh meat, and add small quantities of 
it to five tubes containing sterile nutrient brotL 

(a) Aerobic putrefaction, 

(1) Place two tubes in the warm incubator. 

(2) After three to four days examine the contents of the 
tubes microscopically by means of cover-glass films, and 
prepare plates from each in the usual manner. 

(3) Work up the colonies as they appear. 

Various kinds of Proteus, amongst others the Proteus 
Zenkeri, Bacillus coli communis, Torulse, Staphylo- 
cocci, Sarcinae, etc., will be found. 

(b) Anaerobic putrefaction. 

(1) Place two of the tubes in a flask, which should be 
exhausted of air in the manner already described. 
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(2) After three to four days examine these tuhes and 
compare them with the aerobic tubes. 

The odour will generally be moro marked. 

(3) Examine the contents oi the tubes microscopically, 
and then prepare roll tubes from them in the ordinary 

-, and place tfaem in a flask exhausted of air, which 
must be kejit in the cool incubator. 

(4) Work up the colonies as they appear, and make Bub- 
Cultures in grape-sugar gelatine (deep stab cultures). 

(5) Place these in an exhausted flask kept at 22° C. 
Streptococci, Bacillus coli communis, and other bacilli 

will be found. 

(c) Control e^ervmenl. 

(1) From the last or fifth tube, while fresh, prepare 
three gelatine plates, and also three gelatine roll tubes, in 
the usual manner. 

»{2) Put the plates in the cool incubator, and work up the 
eolonies in the ordinary way. 
(3) Keep the roll tubes in the cool incubator in nn 
exhausted Husk, and work up the colonies in exactly the 
same manner as described above. 

Compare tUese results with the previous ones. 

1{d) SleriitsoUon and putrefaction. 
(1) Take a little fresh, minced meat, and add small 
iquantitiea of it to broth tubes. 
(2) Heat these in the autoclave, in order to sterilise their 
noutents. 
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(3) Now keep them at 3d'5' C. for several days. 

There will be no smelL 

Examine the contents of the tubes microscopically, 
and make plates. 

The latter should remain sterile. 

R How TO EXAMINE A SAMPLE OF UnSOUND MeAT.^ 

(1) Feed mice or rats with portions of it, and watch the 
effect. 

If they die, make plate cultures from the organs and 
heart's blood {vide p. 42). 

(2) Make an extract in sterile broth or saline solution of 
the sample supplied, and inoculate mice or other animals 
Bubcutaneously. 

If they die, make plate cultures as before, and separate 
the organisms obtained. 

(3) Prepare an extract as above, and make plate cultures 
in the ordinary way, and also roll tubes. 

Keep the former aerobically, the latter anaerobically. 

Separate the various organisms as they appear. 

In all cases, the organisms which are separated should 
be examined as to their virulence, both by means 
of feeding experiments and by inoculations. 

In cases of food poisoning, it has been shown that at 
times organisms may kill if taken in by the mouth, 
while they fail to do so if injected subcutaneously. 

For separation of ptomaines and toxines vide p. 172. 

^ Those experiments can only be performed under a licence and a 
special ceitificate. 
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C. How TO EXAMINE MeAT FOR TrIOHINA SPIRALIS, 

(1) Place a amall, thin piece of the auspected muscle on 
a strong glass elide, and press another slide firmly down on 
to the meat, in order to flatten it out in a uniform layer. 

Examine under the low power or with a dissecting 
microscope ; the capsules will be recognised at once 
as amall white points lying between the fibres. 

(2) Teaae out a few fibres under the low power of a 
disseofcing microscope, and c&refidly Beparate the small white 
bodies. 

Mount in Farrant's solution, and examine with low 
and high powers. 

If the capsule of the trichina is calcified, add a few 
drops of 10 per cent hydrochloric aeid in order to 
dissolve out the lime, wash and drain off the water, 
and then mount in Farrant's solution. 

D, Examination or CvsTicBRcns of Kabbit. 

(1) Carefully op^n the small cyst, and tease out its \vull 
in a drop of water under a dissecting microscope. 

(2) Search for the head or scolex, and free it as much aa 
possible from ita attachments, 

(3) Drain off the superfluous water with a piece of blpt- 
I ting-paper. 

(4) Mount in Farrant'a soIutioHj applying gentle pressure 
I to the cover-glass, so as to fla.tt«n out the bead. 

Examine under a low power. 
Notice the suckcra and hooks. 



E. PSOROSPERMS IN RABBIT'S LlVER. 

(a) Examination in the imstained condilion. 

(1) Make a few cwts into the liver and look for white, 
puriform or caseous masseB. 

(2) Remove Bome of the white substanco on to a 
alide, and tease it out carefully. 

(3) Add a drop or two of a 10 per cent cauatic potash j 
or a little iodine solution, and allow either to act for a. few \ 
minut«B, 

(4) Remove the excess ot cauatic potash or iodine, and 
Lhen mount the specimen in Farrant's solution. 

Examine with low and high powers, using a narrow 
diaphragm at the Game time. 
(6) Staining of psorosperms. 

(1) Squeeze some of the white matter between two 
cover-glasses, and when dry pass the iilms through the 
flame. 

(2) Stain them in Loffler's methylene-blue, or as for ' 
tubercle bacilli, in caibol-fu chain e and methylene-blue. 

In the latter case the psorosperms will appear red. 

Examination of Ice Oream 

(a) Quantilalire examinalvm. 

(1) Melt some ice cream (100 cc.) in a sterile beaker at 
38° C. and add 500 cc of sterile distilled water to it. 

(2) Prepare plates from the mixture, using ordinary j 
gelatine and also carbolic acid gelatine, inoculating the tubes | 
with quantities varying from -005 to -05 cc {vide p. 93 
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(3) Keep the plates at the ordinary temperature, count 
the colonies, and work them up in the ordinary manner, 
both microscopically and by means of subcultures in 
gelatine. 

(b) Examination for typhoid bacilli and the Bacterium colt 
commune, 

(1) K it is desirable to test ice cream for tjrphoid 
bacilli or the Bacterium coli commune, a large quantity of 
sterile water must be added, for otherwise the plates will 
be over-grown. 

(2) Work these up in the same manner as described on 
p. 106. 

The Bacterium coli commune is frequently found in 
ordinary street ices. 



LESSON X 

Examination of Antiseptics and Disinfectants — Method of Testing 
Antiseptics — Methods of Testing Disinfectants — Koch's Method — 
Carbolic Acid — Mercuric Chloride — Sternberg's Method of Testing 
Antiseptics — Disinfectant Action of Gases — Sulphur Dioxide — 
Chlorine — Ammonia. 

Examination of Antiseptics and Disinfectants 

A. Method of testing Antiseptics. 
Carbolic acid, 

(1) Prepare a series of carbolic acid broth tubes (1 : 100, 
1 : 200, 1 : 300, 1 : 400, 1 : 500). 

To tubes containing 10 cc. of broth add respectively, 
with a sterile graduated pipette, '1 cc, '05 cc, 
•03 cc, -025 cc, '02 cc of liquid carbolic acid. 

(2) Inoculate these five tubes with a platinum-loopful of 
a pure culture in broth of the bacillus of typhoid fever or 
blue pus, twenty-four hours old. 

Inoculate also an ordinary broth tube with the same 
organisms, for the purpose of control. 

(3) Place the six tubes in the warm incubator. 
Examine and compare the tubes from day to day. 
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B. Methods of testing Disinfectants. 

(i ) Kock'a method (jiwdifitd). 

(a) Tost the following solutions ; 

Absolute alcohol ; 
Mercuric chloride, 1 : 1000 ; 
Mercuric iodide, 1 : 2000 ; 
Carbolic acid, 1 : 20 ; 
Condy'a fluid. 

(1) Keep anthrax silk threads' in theae Bolutiona for 
equal periods of time, varyiog from two to tweRty-four 
Jiourfl. 
■ (2) Then take them out of the fluid with sterile forceps 
Wbr Deedles. 

(3) Wash the threads in Bterlle water ; and do the same 
with a thread that has not boen kept iu a disinfecting 
solution. 

(4) Now press the threads into the substance of an agar- 
agar plate, which must he kept at 38'5° 0. Small labels 
must be fastened on the lid of the Petri's capstilo, in order 
to avoid confusion. 

Examine the platfl from day to day. 

' AuthrtK silk thrmiU are prrpared by ninking, under gtricllj 
Bseptiu preuntionB, a anaiwnaion in broth or 'S per cent salins sulution 
or virulent agar-agar or potitto oulturcs of [mtbrax bacilli, grown nt 
SS'G° C. for several days, and known to coneiat almost entirelj of 

Sterilised silk tlironils. abotit an incli in length, arc allowed to soak 
in this nupension for hnir an hoar to one hour, are then collected in a 
.•terili' capsule, and dried in the wami inculmtor. 
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It will be found that mercoric iodide is more germi- 
cidal than mercuric chloride, and tliat alwohiCe 
aJcobol and Condy's fluid have but little or do 
effect on the anthrax spores. 

{b) Test the following solutions of carbolic aicid : 
in alcohol, 1 : 20 ; 
in glycerine, t : 20 ; 
in water, 1 : 20 ; 

in water, 1 ; 25, with 2 to 4 per cent of hydro- 
chloric acid. 
Proceed exactly as above, allowing the threads to 

soak in the eolations for at least four hoaia. 
It will be found that a solution of carbolic gcid in 
weak hydrochloric ivcid is very efficacious, ivfailo 
solutions in glycerine and alcohol are of little use. 

(c) Mercuric chloride k^^ - 

(!) Keep anthrax threads in this solution for two to 
f oar hours, 

(2) Now wash some of them in sterile water ; wash the 
others first in a solution of ammonium sulphide and then 
in water. 

(3) Fix the threads on an agar-agar plate, and place the 
latter in an incubator at 38'5" C. 

Examine the threads from day to day. 

Growth will be observed around the threads washed 
with ammonium sulphide, while around the others 
there is either no growth at all or very limited 
growth 



^^ (ii.) Slerni 

I 



DISINFECTION WITH GASES 



(ii,) Stervherg's method. 

This method is more convenient than Koch's method for 
all practical purposes, and the results are more useful, 
because the conditions of the experiment resemble more 
closely those of practice. 

(1) Take five tubes containing 5 cc. of broth each, and 
inoculate them with the bacillus of typhoid fever. 

(2) After twenty-four hours add to four of the tubes 
respectively 6 cc, of carbolic acid solutions, of the following 
strengths, 1 : 200, 1 : 100, 1 : 50, 1 : 20. The fifth tube 
must be left for the purpose of control. 

(3) Place the tubes in the warm incubator for two to four 
hours, or other periods of time. 

(4) Then make five subcultures in broth from those 
five tubes (one or two platinum-loopfuls). 

(5) Keep them in the incubator at 38'5° C. for several 
days. 

Examine the tubes for growth from day to day. 
(The carbolic acid solntions must be prepared with 
sterilised water.) 

(C) Disinfectant Action op Gases. 
(a) Sulphur diuxiile. 

(1) Dip strips of sterilised cloth in a fresh broth cul- 
ture of Staphylococcus pyogonoa aureus, place them in a 

. sterile Petri's capsule, and allow them to dry in the warm 
[ incubator. 

(2) Fix up an apparatus in the fume cupboard to pre- 
L pare sulphur dioxide, as shown in the diagram (Fig. 14). 
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(3) Allow the gas to pass over one of the strips of cloth 
for one to two hours. 




Vui. 14.— FloHk I contAins ftoriiR copper an<I flulphuric acid, which are heated over 
Ui^ ttuuu' to pnifMn) the Kiilphur dioxide; II, WoMh Ixittle containing water* 
III, Wid«! glasH Ui\m \n which the infected strip of cloth 18 placed ; IV, Spiral 
kIahs tiilje Hiirroundwl by a frcezin;; mixture of salt and pounded ice; V, 
Hinall flaHk, ])laccd in a beaker containing ice and salt. 

(4) Then remove it and drop it into a broth tube, 
which in to be kept at ^S'.^" C. for several days. 




Fio. 15. -I, Flusk containing sodium chloride (one part by weight), manganese 
dioxidft (one jart by wci^lit), and Hulphuric acid anfl water (two parts by 
W(M;,'lit of f.'iclj), which must be very gently heated ; II, Wash bottle containing 
water; III, Wi<ie glass tube containing the infected strip of cloth; IV, 
Collecting cylinder filled with water. 

Examine the contents of the tube for growth from day 
to day, both microscopically and by means of plates. 
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(b) Chlorine, 

(1) An apparatus similar to the one just described may 
be fixed up, as shown in 
diagram (Fig. 15). 

(2) Allow the chlorine 
to pass over one of the 
strips of cloth for half an 
hour to one hour. 

(3) Then remove it, 
and place it in a broth 
tube to be kept at 38-5" C. 

Examine it for 
growth from day 
to day as before. 

(c) Ammonia, 




Pig. 16.— I, Flask containing, a, mixture of 
sal-ammoniac (one part by weight) and 
quicklime (two parts by weight); b, a 
layer of powdered quicklime ; the flask 
with its contents is heated over a Bunsen 
flame; II, Wide glass tube containing 
the infected strip ; III, Flask containing 
water to receive the ammonia. 



(1) Fix up an apparatus as shown in the accompanying 
diagram (Fig. 16). 

(2) Allow the ammonia to pass over one of the strips of 
cloth for half an hour to one hour, and proceed as before. 

Examine the broth tube for growth from day to day. 



LESSON XI 

K\*ni:iiAtii>ii iif All Animal ilciid of a Bacterial Disease Anthrax— 

r\.K>:iimi> Siiiiiiamia— Cimlcra Asiatica — Rapid Method of 
KuilHNliliiij: Tis>ju> in raraliiu — Examination of Typhoid Spleen. 

How t-o Examine an Animal dead of Bacterial Disease 
Thriv iuuiiials arc supplied : 

^,j^ mouse inoculated with Racillus anthracis; 

{^!') »;iiinoa-pii: inoculated intraperitoneally with 
Ru'illus pvivyaneus ; 

{^r) ^uinoa - pit; inoculated intraperitoneally with 
ViUrio cholera? Asiaticae. 

^0 N:nl ilic animal out on a wooden board, thoroughly 
xxashod \s\x\\ mcrcurio chloride 1 : 1000. 

^*.-> Moision the hairy surface of the animal's abdomen 
\^ ith spirits and then wa^sh it with mercuric chloride 1 : 1000. 

^;U W ii h a i\ur of storiliseil forceps and a pair of sterilised 
M-issow careful ly ivtlect the skin from the abdomen and 

{A\ 'V\\o\\m^\\\y cauterise the exposed surface with a red- 
hot ^liiss i\hI» and then open the chest and abdominal cavity 
with 8torilo instrumenu 
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(a) Prepare three gelatine platea severally from the 
spleen, peritoneal fluid, aDd heart's blood in the ordinary 
maimer, and place them in the cool incubator. 

(b) Also make agar-agar streak cultures from the spleen 
of the mouse, and from the peritoneal fluid of the guinea- 
pigH {vide p. 106). 

Place these in the warm incubator. 
The plates and agar-agar tubes should be worked up 
in the usual manner. 

(c) Prepare also cover-glaaa specimeus of the spleen and 
peritoneal fluid, and stain them with Loffler's methylene- 
blue, and examine them with ^ in. oil immersion. 



Quick Method of Haxdening and of Embedding 
in Paraffin 

(1) Place small pieces of the mouse's spleen, kidney, 
liver, and lung in absolute alcohol. 

(2) Change the alcohol every half-hour, using always an 
excess. 

(3) After one and a half to two hours place the small 
pieces of tissue in a small corked bottle containing benzol, 
till they are transparent (a few minutes). 

(4) Ngw pour off the excess of benzol, so that the pieces 
are only just covered by it, add a few shavings of paraffin 
(56° to 60" C. melting point), and place the bottle on the 
paraffin stove, till the paraffin liqueRes. 



(5) Transfer tlie specimona to liquid hard paraffin (56° 
to 60° C), and allow them to soak for five minutes. 

(6) Four the paraffin and the tissues iuto a small paper 
bos, and when the paraffin is set, cut out the pieces of 
tissue, fix them on the rocking microtome, and cut a 
number of sections, which must be received in warm water 
at 60° to 65° C. 

(7) Fix the sections on cover-glasses and dissolve off the 
paraffin in the usual manner (vide p. 64). 

(8) Now stain the specimens fixed ou the cover-glasses : 
(a) according to Gram's method, as described on pp. 



70 a 



171; 



(4) with methyl ene-blue for five minutes ; wash in 
water for half a minute, then in water acidulated 
with acetic acid for half a minute, and again in 
water for half a minute ; dehydrate in alcohol, 
dear and mount (vide p. 35). 
Examine the sections under the microscopa 
In this manner good specimens can be obtained in less 
than three hours. 



Slow Method of Eaidening Tissues 

(1) Pieces of tissues from the mouse also should be 
placed for a few weeks in Muller's fluid, which must be 
i from time to time. 



(2) Then wash the specimens in running water, to 
emove the Miiller's fluid. 



(3) Keep the washed tisBues in mothylated spirit for a. 
n-eek, and then place them in itbsoIutG alcohol 

(4) Now embed in paraffin (50° to C0° 0.) in the ordinary 
and slower manner, cut and stain. 

Examine the sections, and compare them with the 
others. 



^^H Exajuination of Typhoid Spleen 

(1) Wash the surface of the spleen with sterilised water 
and cauterise a small area with a red-hot glass rod. 

»(2) Thrust a sterilised stout platinum loop through the 
omterisod spot well into the spleen, and gonlly stir up the 
pulp. 

(3) Withdraw the needle and inoculate three eloped 
gelatine tubes, as desciibed for the Bacillus diphtherieeon 
p. 106. 

1(4) Place the tubes in a cool incubator and examine 
them next morning. 
In most cases pure cultures are readily obtained from 
a typhoid spleen. 
To coufirni the diagnosis, sub-cultures munt be made 
in milk, broth, gelatine (stab and shake) ; brotb 
cultures (six lo twelve days' old) must be tested 
for Indol and young ayar-agar cultures stained for 
ftagella (w'f^ pp. 38 and 46). 



LESSON XII 

Testing of Filters — Filtering through Paper — Filtering through a 
Berkefeld Filter— The Effect of Use on a Berkefeld Filter. 
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Testing of Filters 

A. Filtering through Paper. 

(1) Take 500 to 1000 cc. of sterile water, and add three 
broth cultures of the Bacillus prodigiosus (four days old). 

(2) Prepare three gelatine plates from this water, before 
filtering it. 

(3) Now filter the water through sterile paper, using a 
sterile funnel and observing aseptic precautions as strictly 
as possible. 

(4) Prepare three gelatine plates from the filtrate. 
Place the two sets of plates in the cool incubator and 

compare them from day to day, counting the 
colonies at the same time. 

Filter paper arrests only a limited number of organ- 
isms. 

B. Filtering through a Berkefeld Filter. 

(1) Take 1000 cc. of sterile water, and add three broth 
cultures of the Bacillus prodigiosus as before. 



(2) Filter through a sterile Berkefeld filter into a sterile 
flaak. 

(3) Prepare three gelatine plates from the filtrate, and 
place them ia the cool incubator. 

Examine them from day to day. 
The plates should remain sterile, 

C. Effect of Use on a Berkefeld Filter. 

(1) Take 1000 cc. of sterile \v-atBr, and add three broth 
cultures of the BaeilluB prodigiosua aa above. 

(2) Filter through a sterile Berkefeld filter into a sterile 
flask. 

(3) Pour the filtrate back into the filtering cylinder and 

(filter again. 
I (4) Sepeat this proceas six times. 
(5) Eventually pour the filtrate back into the cylinder 
and allow the filter to stand for a day. 

(6) Ee[jeat the whole process with the same filter ou 
thi-oe Huccesaive daya, without cleaning it out in the mean- 
time 

(7) On the last day fix a fresh sterile flask to the filter, 
and exhaust it with the air-pump. 

(8) From the final filtrate three gelatine plates should 
bo prepared in the usual manner. 

Examino them from day to day. 

The plates will show colonies of the Bacillus pro- 
digiosua. 
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(9) Now clean the "candle" of the filter il^i-r 
Hcnibliin;^ it with a brush, and sterilise the whole ap; 
in the autoclave. 

(10) When it has cooled down, filter throagfa it ] 
of Mtcrihi water, to which three broth cultures of the 1 

prf><ligioHU8 have been added. 

(11) From the filtrate prepare three gelatine 
which Mhould l>e kept in the cool incubator. 

Kxamiiio them from day to day. 

The plates should remain sterile. 

The exi)eririicnt proves that filters at best can c 
a liniitod amount of work, and must be cl 
or HteriliHcd from time to time. 

Other iWUiTH may be tested in the same mannei 
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LESSONS I-X 
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Preparntion of Metatoliu Prodnctfl of Micro-organ iams — Heat — Filtra- 
f ion —Combined Heat iind Filtration — "Intracellular" Poisons — 
Nitrous Acid in Cholera Cultures. 

Frepatatioii of Metabolic Products of Uicro-^rganlaias 

(a) Sterilisalion iy heal. 

(1) Inoculate twelve broth tubes mth the Bacillus 
pyocyaneuB, and keep them at 38"5° C. for a week. 

(2) Place them in the water bath at 70° C. for ten to 
fifteen minutes. 

■ (6) Sterilisoiion by JtUration,. 

I (1) Inoculate several email flasks of broth (containiug 

50 cc. each) with the Bacillus pjocyanous, and keep them 

at 38'5° C. for a week. 

(2) Filter the broth cultures through a sterile Borkefeld 
Ulter into a sterile flask. 

W (c) C(mhined dtrilmtvm by heai and filtration. 

(\) Inoculate several small flasks of broth (containing 
fiO cc, each) with the Bacillus pyocyaneuB, and keep them 
at 38-5° C. for a week. 



(2) Place them in the water bath at 70° C. for fifteen 1 
minutes. 

(3) Filter the steriliaed broth cultures through a sterile 
Berkefeld filter into a ateriie flask. 

(d) " Inlracelliihr " poisons. 

(1) Prepare ten agar-agar streak cultures of the Bacillus 
prodigiosus, and keep them at 22° C. for twenty-four to 
forty-eight hours. The whole surface of the agar-agar 
should be uniformly inoculated. 

(2) To each tube add 10 cc. of sterile "6 per cent saline ( 
solution, and with a stout platinum needle carefully scrape i 
the culture off the agar-agar into the salt solution, so as to 
prepare suspensions of the bacilli. 

(3) Pour the liquid contents of the tubes into a small 
fiask. 

(4) Heat the i^ask and its contents in a water bath at i 
65° to 70° C. for fifteen minutes, 

(e) Filtered inlracellular poisons. 

Proceed as above, but conclude by filtering the sterilised 
contents of the flask through a sterile Bei-kofold filter into 
a sterile flask. 

In every case the solulioTi, afUr steritisaiion by heat or JUtror 
tim, must be tested by inomdaling from it Iwo agar-agar tubes 
(sireak t^Uures).^ 

' If tbe ftgar-agBT tubas aliow any gtoivLl:, tlip soliitiona must bfl 
sterilised again, by heat or Sltmtion, aa the case may he. 
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Test for Nitrous Acid in Cultures 

(1) Filter six broth cultures of the Vibrio cholerse 
Asiaticse (two days old) through a small, sterile Berkefeld 
filter into a sterile flask. 

(2) To a portion of the filtrate add a drop or two of 
hydrochloric acid, and then a solution of the hydrochloric 
acid salt of meta-phenylenediamine. 

The solution will become yellowish red or deep red, 
according to the amount of nitrous acid (nitrites) 
present (Griess's reaction). 

The red colour is due to the formation of phenylene 
brown or Bismarck brown. 

Test broth cultures of the Proteus vulgaris in the same 
mannec 



LESSOX n 

Protexnet — Precipiution of Proteinei bj Alcohol — Bscteriml Extnctii 

PtotttJi68 (Ncncki, Bnchwir, fifinor) 

(a) BarUlus pyocyaneus. 

(1) Inoculate twenty agar-agar tubes with the Bacillas 
pyocjaneus, and keep them at 38*5' C, until there is a 
copious growth over the whole siuiace of the agar-agar. 

(2) Into each tube pour 5 ca of a -5 per cent solution 
of caustic potash. 

(3) With a stout platinum needle carefully scrape the 
culture off the surface of the agar-agar into the caustic 
potash. 

(4) Collect the caustic potash emulsions thus made in a 
glass mortar, and gently, but thoroughly, rub the mass up. 

(5) Pour the emulsion into a beaker, and digest it in a 
water bath at 45** C, till it is liquid. 

(6) Filter this through a small Berkefeld filter. 

(7) To the filtrate add dilute hydrochloric acid, as long 
as a precipitate appears. 
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(8) Filter through paper, and wash the residue on the 
filter with the dilate hj'drochlorlc acid, and theu with dis- 
tilled water. 

(9) Dissolve the washed residue in the smallest possible 
quantity of a sterile '5 per cent solution of caustic soda. 

Besult : alkaline solution of mycoproi^ine. 

t Teats : (1) On neutralising', no precipitate. 
(2) Make the solution slightly acid, and add a 
little salt : a precipitate appears. 

(J) Sadllus prodigiosus. 

(1) Inoculate twenty potato tubes with the Bacillus pro- 
digiosus, spreading the material thoroughly over the surface 
of the potatoes ; and keep them at 23° 0. 

(2) When there ie a, copious growth, treat the cultures 
with '5 per cent solution of caustic potash, as described 
above. 

(3) Collect the caustic potash emulsions, and proceed 
exactly as before. 

(c) pTedpitaiion hy alcoltol. 

(1) Inoculate twenty potato tubes with the Bacillus pro- 
digiosus, and keep them at 23* (J. 

(2) When there is a copious growth, with a blunt scalpel 
scrape the cultures otf the surfaco of the potatoes. 

(3) Spread the scrapings, in a thin layer, over a plate of 
glass, and exsiccate rapidly by means of dry heat (up to 
100° C.) 

(4) Scrape the dried culture mass off the glass plate, 
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and having placed it in a flask, extract it with distilled 
water by means of shaking. 

(5) Filter, and pour the filtrate, drop by diop^ into an 
excess of absolute alcohol : a precipitate appears. 

(6) Allow the precipitate to settle. Separate oS the 
alcohol, and dry the residue at 45* C, to drive off the 
alcohol 

(d) Bacterial extract, 

(!) Inoculate twenty agar-agar tubes with the Badllns 
pyocyaneus (streak cultures), and when copious growth has 
appeared, pour 2 to 3 cc. of a sterile '5 per cent caustic potash 
solution, or of distilled water, into each tube. 

(2) Scrape the cultures off the surface of the agar-agar 
into the alkaline solution or into the water. 

(3) Collect the various emulsions in a flask, and heat for 
ten minutes in a water bath at 80" to 100** C. 

(4) Filter through a small Berkefeld filter into a sterilised 
flasic 



LESSON m 



Bacterial Colonriug Matters^ Bacillus Pyocjaneua — Bacillus 
Prodigioaua. 



Separation of Bacterial Colouring Matters (Geasard, 
Andrewas, Fordos) 



1(a) SactUus pyoq/aneus {Klein-Andrffwes). 
(1) Inoculate twenty agar-agar tubes (streak cultures) 
from an actively chromogenic culture, and keep them at 22° 
to 30° C. 

(2) When the agar-agar has become dark green, add to 
each tuba 6 to 8 cc. of pure chloroform, break up the agar- 
agar with a glass rod, and shake each tube vigorously, till 
all the blue pigment is dissolved out by the chloroform. 

(3) Collect the chloroform oxtracta in a small flask, and 
filter through filter-paper moistened with chloroform. 

I A clear blue solution af pyoct/aniiie is thus obtained, 
which may be concentrated by slow evaporation 
in the dark at SS-S" C. 
: 



BctKtions 
L.(l) Evaporate a little of the chloroform solution in 
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|Kirc<;kui dUih at ZH'b* C in tlte du^ : a faT-BtaDixieTaiaiie 
of {/y'icyfitnine in obtainftL 

/2^; To th« Mu/e chlorofona soistkm add £hzte ^n Tjflmne 
or bydrocbkiric acid, drop br drop, and iftiake. 

When thoroughly addified, tbe Bofaxtuin laBss lad. 

AUovr to nettle : the Matoiorm miiic^ ozib to lAx 
\)(fiU}m of the tube is dear aad csoikniziieBB, tiie 
HUi>enjataDt watery aolatioo rod. 

(3) To thin upi>er red layer add, drop bj dram ^^ V* 

i^iii c/iijjttic iKKla solution and shake. 

Tho blue colour reappears. 

Allow U) settle : the chloroform which again sinks to 
tho botUjm of the tube takes up the blue pyo- 
f'.yaninc, while the supernatant watery hqaid 

bticoriioH colourless. 

(i) I'iXpoMO the blue chloroform extract to sunlight 
It soon loHCB its blue tint and becomes yellowish. 

Now luhl caustic soda solution : the solution assumes 

a violet tint. 

(F)) Vhu'A) four tubes, containing each 5 cc. of the blue 
chloroform extract, in boxes behind coloured glass (blue, 
y^i'mUt yellow, red) and expose them to the action of direct 

»Miili^lit, 

K(}op a fifth tube in the dark at 22** C. 

Blue light discharges the blue colour rapidly, while 
green light preserves it best. 

In the dark also it changes slowly. 



(b) Bacillus prodigiosus. 

(1) Prepare twenty potato or agar-agar streak culturoa 
of the Bacilliia prodigiosus, which must be kept at 32° C, 
till the dark red pigment has been formed copiously. 

(2) To each tube add 5 to 10 cc. of pure ether and shake 
vigorously, till all the red pigment has been dissolved out 

(3) Collect the ethereal extracts and pour them into a 
separating funnel : the red ethereal extract will rise to the 
surface. 

(4) Allow it to stand in the dark for twenty-four hours, 
and then separate the coloured ethereal extract. 

{5} Filter this, if necessary, through paper moistened 
with ether. 

A clear red solution is thus obtained, which may be 

^ concentrated by slow evaporation in the dark at 

38-5° C. 
Reactions 

(1) Evaporate a little in a porcelain dish at 3S'5° C: a 
crystalline residue is obtained. 

(2) Add a few drops of hydrochloric acid : no change 
in colour. 

(3) Add a few drops of caustic soda or caustic potash : 
the red colour is discharged on shaking, the upper or 
ethereal layer turning yellow. 

Now add, drop by drop, hydrochloric acid : the red 
colour will gradually reappear in the upper ethereal 
layer. 
(i) Allow the ethereal red extract to stand in the 
light : the red colour disappears. 



LESSON IV 

Peptones and Albamoses — Peptones — Albnmoses. 

Peptones 

Tesls for peptones. 

Prepare a solution of peptone.* 

(1) Boil : no coagulation. 

(2) Make strongly alkaline with caustic soda, and add a 
drop of a dilute solution of copper sulphate : a pink colour 
is produced {biuret reaction). 

(3) Add ammonium sulphate to saturation : no precipitate. 

(4) Add nitric acid, drop by drop : no precipitate. 

(5) Add nitric acid in the presence of chloride of sodiimi : 
no precipitate. 

(6) Add an excess of picric acid : no precipitate. 

(7) Add absolute alcohol : a white precipitate, readily 
soluble in water. 

(8) Add tannic acid : a precipitate, soluble in excess. 

(9) Add Millon's reagent, and boil : a red colour. 

^ Peptone puriss. (Adamkiewicz), obtained from E. Merck of Darm- 
stadt. 



TESTINQ FOB ALBUU0SE3 



Albnmoses 

Tests for alhirmses. 

Solutions of albumoEea are supplied. 



(a) Profo-aibumost {conoflntrated 
solution). 

(1) Boil; no congulotion. 

(2) Biuret test : pink csjlour. 

(3) Ammonium sulpbata: jice- 
cipitate. 

(4) Alcohol : precipitate. 

(5) Equnl volumo of oonoeutrated 
solution of sodium cblorldGinncutic 
■cid: precipitate. 

Boil : prectpitsta dianppeara. 
Allow to cool : precipit&te re- 
nppeara. 

(6) CoiicHiitrated aqueous solu- 
tion of sodium cliloiide : precipi- 



(7) Add nitric acid, drop hy dmp, 
keetnng the solution cool : pre- 
cipitate, lolnlilB in eieesa of nitria 
kdd. 

^Wann gently : precipitate dis- 
appears. 
Cool BgMn ; pracipltal* re- 
appears. 




B of picric & 



(8) Neutral copper snlplat 
tnrbidity ur precipitjitei 

(10) BoU <Nltb HilloD's reagen 
red precipitate or colonr. 



(ft) D^tero - aStumoK (couceu- 
trated solntion). 

(1) Boil : no congulatioa. 

(2) Biuret teat: pink colour, 

(3) Ammoninni sulpbate: pre- 
cipitate, 

(4) Alcobol : precipitate, 

(5) Eqnol volume of concentrated 
solution of sodium chloride in acetic 
acid; precipitate. 

Boil: precipitate disappear!!. 
Allow to cool : precipitate re- 
appears. 

(6) Concentrateil aqueous solu- 
tion of flodinm chloride : no pre- 
cipiUte, 

Kow add niao acetic odd aatu. 
rated with sodium chloride : 
precipitate. 
(V) Add nitric acid, drop by drop, 
kt^eping the solution cool : no pre- 
cipitate. 

Add a tew crystals of sodium 
chloride iirst and then nitric 
acid, drop by drop, keeping 
the solution «ool: precipitate, 
whicli disappears on wanning 
and reappears on cooling. 
(8) EicBSB of picric acid : pre- 
cipitate. 

(8) Neutral copper aulpbnte : 
precipitate. 

(10) Boil with Millon's reogeat : 
red precipiUite or colour. 



liSOX 



•^•■'n** ■»»«.t . -"TTTiliinfl 






.r-.«» : r iTrrm: - i iritiiio: • ^'zsi ** 






1 1 ' ' ' V 1 .^ ,+ /< - A ,'.^iiir»'^ > .;i p, uvjic iiriiL vad, s&e >»a.rtr 



A few crystals of thymoi should be added, both to the 
liquid in the membrane and to the water around. 

(7) Concentrate the contonta of the membrane in vaaie 
at 37° 0. to 40° C, having previonsly added a. few thymol 
crystals. 

(8) The concentrated aolution should bo poured slowly 
into five to six times its volume of absolute alcohol : pre- 
cipitate (III.) (deulero-dbuvwse). 

(9) Allow the precipitate to stand under the alcohol for 
aeveral days, 

(10) Syphon off the alcohol, and drive off the remainder 
of the alcohol by keeping the precipitate at iO° 0. 

(11) Dissolve the dry residue in the sniallest possible 
quantity of distilled water, 

(12) Pour this eolution slowly into five to six times its 
volume of absolute alcohol, and again allow the precipitate 
which appears to stand under the alcohol for several days. 

(13) Separate the alcohol as before, and dry the pre- 
cipitate in vacuo at 40' C. 

The dry residue is deuteriHiibiimoae. 

(14) To obtain the heterth^lbumote from precipitate (I.), dis- 
solve the latter in the least possible quantity o[ distilled water. 

(IB) Dialyse ogninst running water for twelve hours, and 
then ngttinat distilled water for further two to foui hours, till all 
the salt has been removed. (Add thymol crfslals as above.) 

(16) Pour the dialyscd liquid from the membrane into a 
benlter : if it contains a precipitate — precipitate (IV.) — this is 
ktttrQ-albwnoet. 

(17) Filter {vide infra (31)). 
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({**) W;i-h the r*r.-ihie on th* tlz^T-p^z^t: iriir. d>iill: 
il llutii r«-jK:.'it».*lly with a>.-=cluic al :-.:■}: :I- 

n?') riar*.- it iin'l»-r alcoh.l f:r sevrriZ isvs. is 
flfliyilnti* it coni]iI*rt*-ly. 

(20) S«'iiarate off the alcohol and dry &« ^bDve. 

Th« 'irv n'f-idiie is K*Uro-ai}.^rri<^, 

m 

(i\) T\it'. tiltrate fiT>m (11) should I* eraprra^ei t: 
I Ml Ik ill vai-iio ut 40* C 

('2-2) Tf) tilt* riiiiceiitrated liquid add saturated soli e 
priM i|iit.-it<; (V.) 

(2:\) KiltiT. 

(•J I) Dry tin* n-Mtlue at 40' C, and reilissolve it in i 
)ii»HHil)li' <|uaiitity of distilled water. 

('JTi) PiiilyM* the Holution, a«Ming thymol cry^tiils 

M'l'ilitMl ulniVt*. 

('2it) (*oiirciitriit(: the contents of the membrane in 
■Ut' (^ 

(•21) VitWT tht; roiin^ntnited solution into an ei 
iiliroiliitt* ulrdliol, .'iii«l allow the precipitate to stand un 
lilroliul lur H'Vrral davs. 

(liM) Sr|»arat«» ol!" tlie alcohol, and dry as above. 

Till' <lry n'si<lu« \h }trot(halhumo8e, 

Aj)|»ly the. t(\sts jind reactions described in Lesi 
to ccMicentrated solutions of the albumoscs. 




Diphtheria Albnmosea — Diphtheria Bacilli — Diphtheria Sp!e«n. 

DipIiUieTia Albnmosea (Sidnejr Martin) 
(a) Diphtheria bacilli 

(1) To 200 cc. of Bterile ox serum add 3-5 cc. of a sterile 
Holution of 10 per cent caustic soda and 60 cc of non- 
pep toniaed sterile broth. 

Thia must be done under strictly aeeptic conditions. 

(2) Fill twenty-six tubes with thia solution, using a 
sterile 10 cc. pipette, and keep the tubes at 56° C. for five 
to six days, for several hours each day. 

(3) Select the tubes which remain sterile, and inoculate 
them with virulent diphtheria bacilli 

(4) Keep them at 3a'5° C. for twenty-four to thirty-two 
days. 

(5) Pour the contents of tubes into a large excess of 
strong methylated spirit (1000 cc) 

(6) Allow the precipitate to settle, and to stand under 
the spirit for a week or so. 

(7) Filter through paper. 
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Eesult : a yellowish brown powder, consisting chiefly 
of deutero-albumose : 

(a) insoluble in chloroform, ether, alcohol, am- 
monium sulphate, and nitric acid, in the 
presence of sodium chloride ; 

(b) soluble in cold or boiling water ; 

(c) giving a marked biuret reaction. 
For the separation of the albumoses see page 152. 
(6) Diphtheria spleen. 

(1) Mince the spleen of a child dead of diphtheria. 

(2) Throw the finely minced mass into a large excess of 
strong methylated spirit, and allow it to stand for several 
weeks. 

(3) Separate the spirit by means of filtering. 

(4) Then proceed exactly as described above (see (a)). 
Albumoses, especially deutero-albumose, will be obtained. 



LESSON vn 



Diphtheria Tozine— Action of Magnesiam Sulphate and AmmonioiD 

Sulphate on Sulphate of Quinine. 

Diphtheria Toxine (XJBchinsky) 

(1) Prepare a solution of aspartate of sodium : 



Water . 
Glycerine 
Sodium chloride 
Calcium chloride 
Magnesium sulphate . 
Bi-potassium phosphate 
Lactate of ammonium . 
Sodium aspartate 



1000 cc. 
35 cc. 
6 grammes. 
•1 gramme. 
•2--4 grammes. 
2-2-5 grammes. 
6-7 cc. 
3*4 grammes. 



(2) Mix thoroughly, and heat for half an hour at about 
40^*0. 

(3) Neutralise with sodium carbonate, and again heat 
for half an hour. 

(4) Filter. 

(5) Pour the filtrate into flasks, and sterilise in the 
steamer in the ordinary manner. 



• 



(6) Inoculate two flasks, containing 100 cc. each, with 
BacUlus diphtheriie. 

(7) After twenty-four to thirty-two days filter the cul- 
tures through a Berkefeld filter. 

(8) Evaporate the filtrate down to a small bulk at 40° C. 



Seacliatis 



(a) Millon's reaction : more or leas typical, 
(i) Xanthoproteic reaction : more or leas typical 
(c) Alcohol : precipitate. 

{d) Acetic acid and ferrocyanide of potassium : tur- 
bidity after some time, 
(e) Phospho-molybdic acid : alight precipitate. 
(/) Ammonium sulphate : no precipitate ; hence no 

albumoses present. 
{g) No biuret reaction ; hence no albumoaes or 
peptones present. 
To obtain the toxine in a dry condition, pour the filtrate 
into an excess absolute alcohol after it has been evaporated 
down to a small bulk. 

Allow the precipitate to settle and to stand under 

alcohol for a few days. 
Separate off the alcohol, and dry the residue at 40° C. 

LThe readiest method, for all practical purposes, of 
obtaining diphtheria toxine in solution is to filter 
virulent broth cultures through a Berkefeld filter, 
as described on p. 111. 
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Action of Magnesium Sulphate or Axnxnonitun Sulphate 
on Sulphate of Quinine (Duclanx) 

(a) Prepare a cold and almost saturated solution of 
sulphate of quinine. 

To it add 10 per cent of finely powdered magnesium 
sulphate. 

A precipitate appears. 

(b) Dilute a cold and almost saturated solution of sul- 
phate of quinine with an equal volume of water. 

Then add finely powered magnesium sulphate. 

A precipitate does not appear until 30 per cent of 
the salt has been added. 

(c) Prepare a cold and saturated solution of sulphate of 
quinine, and dilute it with one-tenth its volume of water. 

(1) Gradually add finely powdered ammonium sul- 
phate, until no more precipitate appears. 

Filter. 

(2) To the filtrate again add ammonium sulphate, 
until no more precipitate appears. 

Filter. 

(3) To the filtrate again add ammonium sulphate, 
until no more precipitate appears. 

The appearance of a precipitate, therefore, depends 
greatly on the degree of concentration. 



LESSON VIII 

Ferments and Enzymes — Action of Chloroform on Ferments and 
Enzymes — Action of Heat on Enzymes — Separation of Enzymes 
(Alcohol Precipitation). 

Ferments and Enzymes 

A. Ferment and Enzyme in Yeast. 

(1) Prepare a dilute solution of cane sugar. 

(2) Test it with Fehling's solution : no reduction of 
copper. 

(3) Pour a little of this sugar solution into two test-tubes, 
and add a little yeast. 

(4) Keep both tubes at 38-5" C. 

(5) After a few hours (four to six hours) test one tube 
with Fehling's solution : marked reduction of copper. 

Invertine splits up cane sugar into dextrose and 
Isevulose. 

(6) Test the other tube next day with Fehling's solution : 
no reduction of copper. 

Alcohol fermentation has taken place. 

M 



~r:«r.ji?ri:.Li. '.'hemistey 



.riL.'K'.p.HJf ON Ferments 



[i- ' ^"lac ji luk:iwann sterile wa:< 
-. ::;:» ^u^oeiL^fii.-a inzo two hrgi 



•:.;-'v> r :n*i ;£:iiese tubes w 

' . -u «T -i'^'; zo six. minute 



■■ :i:vz.*i zc zhni ooctom I 



;;•■ -;2'fni:.uiif: 'iirifii to tw 

• .-»:♦„ TM.-;; '-.Ml .T r.QIZtir. 



. - . ^ 



InverUne is an enzyme, and therefore not destroyed 

by chloroform. 
Tho alcohol-proditciiig ferment is a living ferment, 

and as such is destroyed by chloroform. 

kO. Action of Moist Heat on ENZVMEa 

\ (1) Prepare a HUepension of yeast m lukewarm atciilo 
vter. 

(2) Shake tip a little of it with chloroform ag above, and 
allow the chloroform to settle. 

(3) Separate the supernatant liquid, and pour a little of 
it into two teat-tubes. 

(4) Heat one of them up to boiling point, leaving the 
other for control. 

(5) Add some of the boiled Huapension to two tubes con- 
taining a dilute solution of cane eugar, and keep the tubes 
at Z&-b° C. 

Test one tube with Fehling'a solution after four to 
six hours : no reduction of copper and no alcohol. 

Tost the other tube with Fehliug's solution after 
twenty-four hours : no reduction of copper and no 
alcohol. 

(6) Add some of the auapenaion in tho control tube to 
two tubes containing a dilute solution of cane sugar, and 
keep the tubes at 3S'5° C. 

Test one tube with Fehling'a solution after foiu' to 
six hours ; marked reduction of copper. 
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r^!fC ihe icoia^ liifW nik F^Uxoi^fs sDlasitn ilcer 
trvanTT-dnir aisizrs :: murtiwl pedmciiiiiB ot copper. 



D. SsFAKniiov OF Esomsw 

i 1 1 Fnsaii jebsc » tiriai ^ the ordEmiy tempentare i% 
miau) OTt»r juIp&Txru «dd (;& £urij bii^ quantitj oi jeast 

ft) Rob op the dried jeast into a fine powder. 

(Z) Drj the powder in the hot-air chamber nt 100* C. 
for fix hoars. 

U; Allow it to cool, and when it is quite cold add 
distilled water, so as to coorert it into a thin mess. 

(5; Let this suspension stand and settle at 40* C. for 
twelve hours. 

(6) Decant the supernatant water, and filter it till it is 
clear. 

(7) Pour the filtrate into fire to six times its volume of 
90 per cent spirit : a precipitate appears. 

(8) Allow the precipitate to settle, and filter at once. 

(9) Wash the residue on the filter-paper with absolute 
alcohol. 

(10) Remove the alcohol by means of pressure, and 
shako the residue up with water. 

(11) Again filter, and precipitate the filtrate with 
alcohol. 
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(12) Filter, and wash the residue on the piper with 
absolute alcohol as before. 

(13) Remove the alcohol by means of pressure and 
by drying at 40° C. 

(14) Complete the drying in vacuo over sulphuric acid. 
The resulting powder is mvcrtine. 

Instead of using dried yeast, a auapension of yeast in 
lukewarm water may be shaken up with an equal volume 
of chloroform in a shaking machine for twenty to thirty 
minutes. 

The chloroform should be allowed to settle, and the 
supernatant watery suspension poured into three times its 
volume of 90 per cent spirit 

The resulting precipitate rauat be treated as described 
above under (8) to (14). 

Tests 



(1) Add a little of the powder to two test-tubes con- 
taining a dilute solution of cane sugar, and keep the tubes 
at 38-5° C. 

Test one tube with Fehling's solution after four to 
six hours : reduction of copper, no alcohol. 

Test the other tube with Fehling's solution after 
twenty-four hours ; reduction of copper, no alcohol. 

(2) Heat some of the dry powder to 100° C. for a few 
minutes, and tlien add a little of it to two test-tubes 
containing a dilute solution of cane sugar. Keep the tubes 
at 38-5°. 
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Test them as before with Fehling's solution, after 
four to six hours, and again after twenty-four 
hours : reduction of copper, no alcohoL 

(3) Heat some of the dry powder at 130** or 135' C. for 
fifteen minutes, and repeat the previous experiment. 

On testing with Fehling's solution, no reduction of 
copper or alcohol. 

Conclusions : 

Enzymes in solution are readily rendered inert by 
heat. 

Enzymes in a solid and dry conilition are destroyed 
with difficulty by heat. 



LESSON IX 



Ferments and Eazymqa(ironc;iided)—Pracipitotioa by Cttlciuin Phosphate 

»— Proteolytic Enzjmea. 
Feiments and Enzymes (antduiUd) 

D. Separation of Enzymes (amckdeil). 

(b) Predpiiation hy calcium phosphate (Von Briicke). 

(1) Prepare a suspension of fresh yeast in dilute phos- 
phoric acid (a fairly large quantity of yeast must be used). 

(2) Keep this suspension at 38'5° C. for five to six days. 

(3) Now neutralise it with limo-water : precipitate of 
calcium phosphate, which carries the enzyme down with it. 

(4) Filter, and thoroughly wash the precipitate with 
distilled water. 

(5) Disaolve the precipitate in the least possible amount 
of water, acidulated with hydrochloric acid. 

(6) Diftlyse the resulting acid solution, replacing the 
hydrochloric acid from time to time, so as to keep the 
nlution within the membrane acid. 

(7) When all the calcium phosphate, and eventually the 
grdrochlonc acid, have been removed by dialysis, pour the 
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contents of the membrane, slowly and gradually, into an 
excess of alcohol : a precipitate appears. 

(8) Filter at once, and collect the residue. 

(9) Dry the latter, and remove the alcohol by means of 
heat at 40"* C, and complete the drying in vacuo over 
sulphuric acid. 

Test the resulting powder (invertine) as described 
above (vide p. 165). 

E Proteolytic (tryptic) Enzymes of Micro-organ- 
isms WHICH LIQUEFY GELATINE (Fermi). 

(1) Prepare thirty roll tubes severally of 

(a) Ikcilliis prodigiosus ; 

(b) Bacillus pyocyaneus ; 

(c) Vibrio Finkler-Prior ; 
{(I) Vibrio cholerse Asiaticse. 

(2) When the gelatine is liquefied collect the contents 
of the tubes in small flasks. 

(3) To 200 CO. of liquefied gelatine culture add 200 cc. 
of dilute alcohol, viz. : 

(a) in the case of the Bacillus prodigiosus, 65 per cent 
alcohol ; 

{b) in the case of the Bacillus pyocyaneus, 75 per cent 
alcohol ; 

(c) in the case of the Vibrio Finkler-Prior, 70 per cent 

alcohol ; 

(d) in the case of the Vibrio cholerae Asiaticse, 65 

per cent alcohol. 



(4) Allow to stand for twenty-four hours, and then iilWr 
through paper, 

(5) To each of the four filtratos add absolute alcoliol in 

excess : a precipitate appears. 

(6) Filter, and dry the four precipitates at 40° C. in the 
ordinary manner. 

(7) Dissolve the dry residucG severally in 100 cc. of 
saturated thymol water : enzyme solutions. 



k 
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(1) To four tubes of thymol gelatine (7 grammes of 
gelatine and 100 cc. of thymol water) severally add 5 cc. 
of the ferment solutions. 

jUIow the tubes to stand at 15° C. 

The gelatine will bo liquefied after a time. 

(2) Place '5 gramme of dried fibrin in two lesthtubes. 
Add to one of them 5 cc. of the enzyme solution of 

the Bacillus prodigiosus, and to the other 5 cc. of 
the enzyme solution of the Vibrio F inkier-Prior. 
Examine the tubes after eight hours: the fibrin is 
almost entirely liquefied in the case of the former 
enzyme, and partially so in the case of the latter. 

F. TnypTic Enzymes of Bacillus phodigiosus or 
JjUS FY0CYANEU8 (Fermi). 

'■(1) Grow the Bacillus prodigiosus or the fiacilliis 
^yocyaneiis in the following solution : 
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Ammonium phosphate 
Bi-potassium phosphate 
Magnesium sulphate 
Glycerine. 
Distilled water . 



10 granmies. 
1 gramme. 

'2 gramme. 
40-50 CO. 
1000 cc 



(2) Two to three litres should be prepared and dis- 
tributed in twenty to thirty small flasks. 

(3) Allow the inoculated flasks to stand at 30** C. for a 
week. 

(4) Filter the cultures through a Berkefeld filter. 

(5) Evaporate the filtrate to a small bulk in a vacuum 
pan. 

(6) Pour this concentrated solution into eight to ten 
times its volume of absolute alcohol : a precipitate appears. 

(7) Filter through a paper filter, and thoroughly wash 
the residue on the paper with absolute alcohol. 

(8) Redissolve the washed residue in the least possible 
quantity of distilled water. 

(9) Dialyse against distilled water or running water 
for twelve to twenty -four hours. 

(10) Now evaporate the dialysed solution to a small 
bulk in a vacuum pan. 

(11) Pour the concentrated solution into eight to ten 
times its volume of absolute alcohol as before. 

(12) Filter through a paper filter, and wash the residue 
with absolute alcohol. 

(13) Collect the washed residue in a small glass dish, 
and drive ofi" the alcohol by heating it to 45** G. 
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To test the tryptic action of the dry powder, dissolve 
a little of it in a small quantity of a '5 to 1 per 
cent sterilised carbolic acid solution and add it to 
a tube of carbol gelatine (5 to 7 grammes of gelatine 
to 100 cc. of a 1 to 2 per cent solution of carbolic 
acid). 

The gelatine will be liquefied. 



LESSON X 

Ptomaines— Cadaverine — Patrescine 

Ptomaines 
Cadaverine and Putrescine (Udrausky and Baumann). 

(1) Allow a solution of white of egg to putrefy for 
several days. 

(2) Distil to a small volume : indol, scatol, and phenol 
pass over in the distillate, and are disregarded. 

(3) Filter the residue. 

(4) To the filtrate add an equal volume of a 10 per 
cent solution of caustic soda. 

(5) Shake, and gradually add, drop by drop, a solution of 
benzoyl chloride : a crystalline precipitate appears. 

(6) Allow to stand for several days. 

(7) Filter. 

f " > 

(a) Strongly acidulate the turbid (a) The residue mnst be digested 

filtrate with sulphuric acid (benzoic in spirit, 
acid passes off). 

(ft) Shake up with three times (ft) Filter and evaporate the 

its volume of ether and filtrate to a small bnlk. 



(c) Separntfl the ethereal extract. 

(d) Rvpeiit this three times and 
collect tho vthi^real eitnuiti. 

{<) Dialilofflhe ether. 

(/) Neatraliae the residue, before 
it seta, »ith 12 per cent caustic 
Bodu : tnrhid liquid. 

(g) Uii with three to fonr times 
Its volume of 12 per cent caustic 
goda, aud keep iu the cold Tor 
twelve to twenty-four liouta. 

(A) Remove the liquid from the 
cryetida whicli have rormed and 
wash the eryslallinu reaidne with 
cold caustic soda. 

(t) Now vtnsh thoroughly with 

(4) DiasoivB the cryslali iii warm 



(I) Add n large excess uf water: 
tho orystola nro reprecipitated. 
(m) Allow to settle and filter. 



fc 



(c) Pour thlB into thirty times 
its volume of cold water. 

(d) Allow to stand far several 
days ; crystals apt^ar. 

<e) Filter. 

(/) Washcrystallinereaidnewith 



vafer. 






requite 



(_h) Dlesolve the cryatalline resi- 
dua in the leaat possible qnantity 
of absolute alcohol. 



<i) Pour this aolution into a 
large eicesH of water ; precipitate. 

^k) Filter agaia and redisaolve 
the residua in the least possible 
quantity of warm alcohol : crystal- 
line preeipilate will ap|«ar. 



(8) Mix the two crystalline precipitates, and diaaolve 
im in the least possible quantity of warm alcohol. 

(9) Pour tho alcoholic solution into twenty times its 
volume of ether, 

(10) Shake, and allow to crystallise, 

(11) Filter: residue consists of the benzoyl compound 
tetraTTietliyktie-diamiiie or puirescine. 

(12) Filtrate: distil off the alcohol and ether. 

(13) Crystals appear; benzoyl compound of pevia- 
iylene diamine or cadaverine. 



(li) The crystals of these two substances may be purified 
y dissolving them in spirit and allowing them to crystal- 
se out again. 

I. Teiramethyleiu-diamine II. PetUamtlhslene-diamijie 



(a) Dissolve trjstals in a soln- 
tian o! equal volumes oF slcohol 
and conoentrBtGdhydraclilot'iciicid. 

{b) Hflat in wilier Utli at 45° C. 
for twelvB hours. 

(c) Dilate with wbUt, till uo 
more precipitate appears. 

(if) PUter. 

(e) Flltriite abalie with ether, 
uLd separBte tha ethereal extract. 

(/} Slowly flvsporate the ethereal 
extract 1 crystalline maes, with 
difficulty solublB in BlcoLoi = 
hydTochlorate qf pvinsdne. 



[g) To a CDDoentrated aqueous 
solution add an alcoholio eotntion 
of platinum chloride : crystalline 
double aolt. 



(a) Dissolve crystals in a solu- 
tion of e^nal Tolumes of alcDhol 
and cODcentratBd hjdrochloria acid. 

(6} Heat in water bath nt 45" C. 
for two dojB. 

(c) Dilute with water, til] no 
more precipitate appears. 

(iO Filter. 

(«) Filtrile shaka with ether, 
and separate the ethereal extract. 

(/) SlowljBvsporatatheetLereal 
eitract : crystalline mass, Boluhla 
in water, not readily soluble in 
aloohol = hydiiKlilorate of coda- 
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^Bdrio acid for clearing, 9 


Anlhrax bacillus, 21-30, 32, 34- 




37, 71-77 




aaporogeuoua CBlliration, 22 


37 


atUnmtion, 23, M, 28 


AotmomycM, IB, i6, 69, 70 


cnllivutiou ot 21 


AotinomjooBia, 4B, 46, 89, 70 




paraffin Mutioaa, 69 




■tainingofinjcBlium. eS 


^latine plates of, 29, 34 


olaba and mycelium, 70 


hanging drop, 22. 24, 25 






eiit. SO 




pUtea, 103, 104 


in tisauea, 27, 35 




UtmUfl agar-agnr, 2!^, 26, 39 


to All tube. with. 90 




Air, BiaminaUon of, 108-116 


production ot acid by, £2 


Mia&obio eerms. 113-115 


silk thread.1, 127 


Albumoses, 161-1B5 


stainlBg or, 23, 24 


diphtheria, 155-167 


aporea of. 30, 32 


aeparatian ot, 1S2 




tests for, 151 


boUcacid), 126 


Aoiiuoma, dibiafectant Hctiou of, 


Aapartats of sodiiim, IS3 


ISl 


Aspargillni nigcir, cultivation of, 8 






in air and duBt, 113-115 


Aapirator, 110, 111 


in 1011,116-119 


Avian tubercle, 67 


cultivation of, 118-118 




aeparatloo of, 118, 119 


BAOfLLUB anthracis {nule Antlirai) 




coli commUQia {i-uie Bacterium 


AndrewM, 147 


coU commune] 


Aniliufl dyM, 9 


diphtherial {vidt Diphtheria) 


fochaiDe, 3D 




gentian violet, 18 


fluoreacens, 8, 21, 97 


water, IS 


hay, 33 


ijlol. 52 


iBpra {vidt Leprosy) 
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:u. :i''.. L«:, I'j- iro 

!■.:" •»? ■■/.■•■^■.■i ■ ••./.{ T"i!""»r';Ie) 
••. : ■. .s;.* '• , V Tvr-i.oiil 
Fi '-.:»■ r;.vl •.i".r:r;;i« matter, 117 
»-r.zy;r.i*s, I'iT 

: .'■'..I'-.oUi* J r il::.:t*, 141 

j'.i.i'ii.^. 1 II 

jir> I ■;■.:.-«. 1 (1 

t'>xi:.r-x:. ill yu/^ Albumoaes, 

F':.i:;:.i-. ir"«. Pr-'temrrs) 
FJ.i«"teri :ru •••'.[ i''niri;i;ur», 'Jl, fiO- 

.'i.'.. .'■.♦, &5.1'j0, lO'J, rjo, 

1-Jl 
rul'iv.i'i.iii of, o^i 
M:r.lliri..' frrrii»-nt, 'J I, i>j 
;fn forin.ifsiii by, r>-4 
Ml i."«' rrr*.irii, 1J>, llii 
in III fir. 1-jO, l2l 
in III ilk, lO'i 
in viiiU-T, 1*^-100 
sliakf! r-iil*iir«-t, r>l 

sUiiiintc ''f> •''I 

v.'iri«;tii'.*i of, .01 
Fiaurnann, 172 
H'-akers, r-leaning of, 82 

Rt<;ri ligation ot, 83 
Bcf'f l)rotli, preparation of, 83 

Htcrilis.'ttion of, 85 

to fill tiilics with, 84 
«€rk*!ff;l(l filter {vide Filter) 
Wood serum, 1 53 

Cfiorraln Smith), preparation of, 
92 

sterilisation of, 92 
Uroth {vt'dr, JJeef broth) 
Hrilcke, Von, 167 



« '-iriVKRETE, 172-174 

hyiirochlorate o^ 174 
L'olciuzn phi>c!phate and fermau, 

^'arb«il fr:oh>ine. 3«i 
'.'arbijl ai^Iatine, S>. 171 
•-'.irhol swntian- violet, 61 
(.'.-irboliseil sputum, pnenmonic. 56 

tuben:u!ar. »51 
Celloiiiin secti.jud, 45, 46 
t'hcmiijtaxid. 77 
Chlorine, «ii>infectant action ol 

Chloriform, action on inTertine, 
16-2 
t^nzymes, lijo 

ferments, 162 
Choleri, 37-45 

action of sunlii^ht on, 43 

oaltiyatious, 37 

enzymes, 168 

examination of animal dead ct 

41, 42, 132 
examination of water, 101-104 
flagnlla, 38, 39 

hanging dmp cultures, 41, 45 

nitrous aeiil in cultures, 143 

plates, 42, 44 

rel, 143 

staining of vibrio, 40 

varieties, 44, 45 
Chromogenic organisms, 3, 147 
(vide Bacillus prodigiosus 
and Bacillus pyocyaneus) 
Cladothriz asteroides, 45 

niveo, 45 
Cleaning of beakers, 82 

flasks, 82 

new test-tubes, 81 

used test-tubes, 82 
Clearing of films with acetic acid, 
9 

tissues, 35 

frozen sections, 35 

with aniline xylol, 52 
Colonies, counting of, 95, 96 
Colouring matters, bacterial, 147 
Counting of colonies, 95, 96 



^ INDEX m V 


^H»TST-glas3 EpecimcoB {vide Films] 




^K«U»i>Dg of, 38 


Eniymes, 161-171 ■ 


^Hmid, ice, 124, 125 




^HdtiTitious, agor-^ar, 8, 7 


■ctioa of moist heat on, IQS H 


^■bn>th. 8 




^■geliLtlne, 5, 7 


phate, 167 ^^_M 


^■fpoUtfl, e 


proteolytic, 168 _^^^H 


^■in bunging drops, U, 17 


separation 164 ^^^^H 


^■lu pUteE>, 2B, 103 


testa for, 165 ^^^^H 


^nrdllng f^rnient, 21, 45 


ttTptic, 100-171 ^^^^H 


^Battcercn^ 123 


Eoaine, 28 ^^ 


^KbiiiiBkrs Bolntlon, 35 






as double stain, 35 


^KniTEKD - ALHUMOSK, 152 (vufC 




K^ Albamoees) 


leucooyt*.a, 28, 73-77 




Ermengem, Van. 38 


sernrntion from cultures, 15fr, 


Erysipelas, 51 


167 


EiflmiaaUon of sir. 109-115 (wA 


separation from spleen, 167 


Ait) 


cnltivBtioDfl, B7 


anaerobic germs, 113-115 


films, 59 


animal (antbrai), 27 


linnging drop, 57 


(cholsra), 44 


in troisn sections, S7 


dead of a bacterial disease, 


in milk, 106 


132-135 


in paraffin, 65, 66 


antiseptics, 126 


membrane, OS, 66, 78 


decomposing meat, 120-124 


■taiaiiis of, 57 


diseased meat, 120-124 


toiines, 158 


disinfacUnt gases, 129-181 


Disinfectant action of gues, 12(1-131 


disinfectant solntiona, 127 


.ulpLnr di^»ide. 129 


dust (eirte Air) 


ammonin, 131 


filters {fidt Filters) 


chlorine, 131 


fresh tissnea (films), 37. 28 




froMn sections, 35 


127-131 


gelatine plates, 34, 44 


Koch-a method, 127 


ice Gieam. 124, 125 


Sterabarg-B method, 123 


milk, 105-108 
soil, lis, 118 
stained Alms, 0-10 


Doable staining, with eosine and 


methfleiie-b'ae, 28, 86, 72, 


tubercnlar sputum, 50-61 


73.75 


water, 93-104 


with Cxioziiuki's ftnid, 36 




with methylene- blue and plero- 


PKtiMBNT, 161.160 (vide Enzyme) 


camine. 3S 


action of chloroform on, 102 


(ma* alio Gram's method) 


bacterial. 169 


Uuolaiix, 160 


curdling , 21. 45 


Dust (!*;« Air) 


Fermi, 168, 169 




Fibvin, ataining of, 61, 62 


^^joaavsa in pammn, 133, 135 




^L 


J 
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Films, preparation of, from anthrax 

tissues, 27, 28 
Filter, Berkefeld, 98, 106, 125, 
136, 141, 142 

effect of use on, 137 

testing of, 136 

sugar, 110-112 
Flagella, staining of, 38, 39, 46 
Flasks, cleaning of, 82 

sterilisation of, 83 
Fordos, 147 
Frozen sections, 35, 50-52, 62, 63 

anthrax, 35 

tubercle, 62, 63 
Fuchsine, aqueous solution, 9 

aniline, 30 

carbol, 31 

Ehrlich*s, 80 

L(jffler's, 30 

Ziehl's, 31 

Gelatine, carbol, 171 

thymol, 169 

plates, examination of, 34 

preparation of nutrient, 86 

sterilisation of, 87 

to fill tubes with, 87 
Gentian-violet, aqueous solution, 9 

aniline water, 18 

carbol, 61 
Gessard, 147 

Glanders, staining of paraffin sec- 
tions, 68, 69 
Glycerine broth, 85 

agar-agar, preparation of, 91 
GouorrlicBO, 48 
Gram's iodine solution, 18 
Gram's method of staining, an- 
thrax, 27 

celloidin sections, 45, 46 

films, 17, 18, 19 

frozen sections, 36, 37 

paraffin sections, 70, 71 

pus, 20 

tubercle, 63 
Grape-sugar agar-agar, preparation 
of, 91 

to fill tubes with, 91 



Grape-sugar broth, preparation of^ 
85 
gelatine, preparation o^ 87 
Griess's reaction, 143 
Gruber's method, 103 

Hanging drop cultures, 14, 17 

examination of, 15 

staining of, 17-19 
phagocytosis in, 71, 72, 76, 77 
Hardening of tissues, 133, 134 
Hetero-albumoses, 152, 153, 154 

Ice cream, examination o^ 124, 125 
Immunity, experiments on frog, 

73, 74 
Impression specimens — 

gelatine plates, 34 

sloped gelatine, 26 

staining of, 26 
Indol reaction, 100 
" Intracellular " poisons, 142 
Invertine, 161-168 

action of chloroform on, 162 

separation of, 164 
Iodine, Gram's solution, 18 

"Weigert's solution, 52 

Klein, 147 

Leprosy bacillus, 57 
Leucocytes, staining of, 28 

eosinophile, 73-77 
Loffler's methylene-blue, 12, 13 

Madura disease, 46 

Malignant oedema, 116-118 

Mammalian tubercle, 67 

Martin, 155 

Meat infusion, preparation of, 86 

Metabolic products of bacteria, 141 
{vide Toxines, Albumoses, 
Proteines, Ptomaines) 

Method, Gram's, 17 
Gruber's (cholera), 103 
Pitfield's (flagella), 46 
Van Ermengem's (flagella), 38 



i INDEX ^^ITB^^^H 


Method, Vaa Kctel's, 61, 10? 


Pliagoeytoais, 71, 77 


Weigeit's, 51. G2, 66, 6Q 




Methylene-blne, nquBoaa aoliition, 9 


effect of lieit on, 74-70 


Lbfiltr'a, 12, 13 




and pioroosmiiiiB, 36 


72, 76. 77 




eiaminnlloa in Btained BpacImeuB, 


monia} 


72,73 


pyogimic, 50-52 


PitQeld's method, 46 




Plates, agar-agar, 103, ]04 


47, 48 ' ' 


geUtine, 29 




anthrax, 34 


i7, 48 


cholera, 43, 44, 104 


Staphyloooccus pjogBDea aureua, 




7, 8, 47, 48 


wator, 93-95 


Straptocoocna eryaipalatoa {vidt 


air and duat, 109 








Pneuiuonia, oultivatioiiB, 47 


Streptococcal) 


iMCOUH of, 60 


tetragonus, 61 


fibrin BtamiDg, 61, B2 


Milk, Eiaminiition ol, 105 


tissaea, 51, 52 


tubes, 89 


Paeuinouic sputum, stiinuig of, 56 


Mycetoma, 46 


double Etaluing of, 56 


Mjcoprotoine, 145 


Poisona, bacterial, 141, 144, 155, 




138, lai, 167, 172 


Nbsco, 144 


intracellular, 142 


NitrouB acid in oultnrei, 143 


Potato tubes, 80 


Nutrient media: cnrbol (jelatiim, 


BterilisatioQ of, 89 


171 


Preparation of nutrient media, 83-93 


Fern.fa BDlntion, 170 


seram tubea, 155 


picparstion of, 83-92 


Products, bacterial, 141, 144, 147, 


thymol gdatiue, 169 


156. 158. 161, 107, 173 




Pcatainea, 144-146 


Oxvaas, notion on bacteri*, 6 


188-171 
Proto-albuniose {vide Albumoiei) 


pARjiwm sections, 64 


Botinoniycosia, (SO, 70 




diphtheritic mambrana, 65, 66 


Ptomaines, 172-174 


glanden, 68, 6B 


Pua, Btaining of, 19, 20, 48, 49 


pyeetnic ipluen, 70, 71 


with matbylene-blUB, 20 


tabercle, 64, 65 


by Oram's method, 20 




Putrefaction, 120, 122 


Feptoue mctbod (cliokm), 101, 102 


Putrosoine, 172-174 






U-U for, 150 


Pyemic absccaa, 61 


Peptono solntion, prspatatioii of. 88 


spleen, 61, 70, 71 


stBrili.atio.1 of, 8D 


Pyooyanine, 147 


Phigocyt«, 72-77 


Pyogenic cocci, 47. 50, 62 , 


aiding of, 72. 73 


Pyrogallic acid, 114 ^^^H 
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Quinine, sulphate of, 160 
Roll tubes, 95, 96, 114 

Saroina lutea, 6, 8 

staining of, 10, 11 
Sections, frozen, 86-37, 51, 57, 62 
{vide Staining) 

actinomycosis, 45, 69 

anthrax, 35, 37 

celloidin, 45, 46 

diphtheria, 57, 65, 66 

erysipelas, 51 

glanders, 68 

leprosy, 57 

Madura disease, 46 

micrococcus tetragonus, 51 

mycetoma, 46 

paraftin {vide ParaflSn), 64 

pneumonia, 51, 52 

pyaemia, 51, 70 

tubercle, 62-65 

typhoid spleen, 55 
Separation of hay bacillus, 33 
Serum tubes, preparation of, 92 
Shake cultures, 54, 99 
Silk threads, anthrax, 127 
Soil, examination of, 115-118 

for malignant oedema bacilli, 
116 

for tetanus bacilli, 116 
Spores, tetauuH, 69, 118 

staining of, 30-32 
Sputum, pneumonic, 56 

tubercular, 59, 61 
carbolised, 61 
fresh, 59 
watery, 62 
Staining methods, Gram's, 17-19, 20 

Van Ermengem's, 38, 39 

Weigert's fibrin staining, 51, 52 

Van Ketel's, 61, 107 
Staining of anthrax tissues, 27, 28 

celloidin sections, 35-37 

flagella, 38, 39 

frozen sections, 35, 37 

hanging drop cultures, 17-19 

impression specimens. 23 



Staining of micro-organisms with 
simple aniline dyes, 9-11 
paraffin sections, 64-66, 68-71 
psorosperms, 124 
pus, 19, 20 

sputum (tubercle), 59-62 
Staining solutions, aniline fuchsiiie, 
30 
aniline gentian-violet, 18 
carbol fuchsine, 31 
gentian-violet, 61 
methylene-blue, 68 
Czinzinski's, 85, 36 
Ehrlich's fuchsine, 80 
eosine, 28, 71, 72 
eosine and raethylene-blue, 36 
for flagella staining, 38, 46 
Gram's method, 18 
pneumococcus capsule, 55 
spore staining, 30, 32 
Weigert's method, 52 
fuchsine, 9 
gentian -violet, 9 
LcifHer's fuchsine, IS 
methylene-blue, 9 
preparation of simple, 9 
Ziehl's fuchsine, 31 
Staining, double, with methylene- 
blue and eosine, 28, 35 
with methylene-blue and picro- 
carmine, 36 
Staphylococcus cereus flavus, 8, 

47 
Staphylococcus pyogenes aureus, 
8, 19, 47, 48 
albus, 47 
Sterilisation and putrefaction, 121, 

122 
Sterilisation by heat,*141 
by filtration, 141 
of beakers, 83 
flasks, 83 
pipette, 93, 94 
test-tubes, 83 
Streptococcus erysipelatos, 47 
cultivations, 47 
in hanging drop, 48 
in tissues, 51 



Strejitucoccua pauuinonix ivide 
r...m«n») 
pjoganes, 8, 14, 17 
cnltures, 47 
Gtiud'b Btajaiag, 17 
hanging dro]!, BO 
tunilh, 106 
In lections, 51 
SagBT QlUr, vide FUMr 
Sdlphnr dioxEde, dlaiurectant aclion 

of, 129 
Sanllght, action an baoleria, i 
chal«ra. 43 
wattr, 87 

Tahk water BiaminaUon, 96 
Tap water, anamination of, 93-06 
Temperature, action or bacteria, 3 
Testing of alters, 130-138 
TesC-tubea, c]e]ming of new, 81 

used, S2 

BtBriliEatinn, S3 
Tetaona bacillus, SB 

ftacttousl separatioQ of, 118 

growth iu eihauit«l flnsk, US 

growth in hydrogen, lltt 

■epuation ^m soil, 116-118 

■tainlng or, 60 
tpores, GU 
Tonila alba, 0, 8, 13 
Taiine, djplitheria, 1GS, 1G9 
Trichina spirulis, 123 
Tryiitii: enzyniBB, lSS-171 

fennentii, 188-171 
Tubercle, ayian, 87 

bacilli, 67 

troau aeotiouB, 62. 63 

Grum'imethud, 63 

mammalian, 67 

milk, 107 

parafSn secllona, 64, 65 

ipntnm. fresh, 59 
corboUsed, 81 

orlnv. 82 

Van Ketel'i msth<»I, 61, 107 
Tjphoid, action of carbolic acid nn. 
126 



Typhoid bacilli, 3S, SB, 53, 54, 5!l 
cultivations, 53 
exaoiinatioa of water, 98-100 
HagcUa, 3S, 39 
in milk, 106 
in spleen, 55, 135 
in water, 98 
shake ei^tiircs, 64, 99 
Btaiaiug of, 54 
25 per cent gelatine, 99 

ITDSAtiaEr, 172 
nicerati?e endocarditis, 61 

ae, BiarainatioQ far tubercle 
bacilli, 63 
Dichinsky, 163 

Vah Ebhbnqsu, S8, 30 
Von Ketel, 61, 107 
Vibrio cholera: AaiatlcD {vidt 
Cholera) 

Flakier- Prior, 37, 40, 168 

Metcbincoii, 37, 40 

WiTBH, 93-104 

bacillus of typhirid fever, 98-100 
btuiterium coU commune, 98-100 
cholera, 101-101 
etfect of sunlight on, 97 
bltiation, 136-138 
qualitative examination, 98-164 
q,uantj tali ve examination of, 93- 9 7 
distilled, 96 
Uuli, 90 
tap, 93-98 
Wolgert's iodine solution, 62 
Woigert's method, actinomjoosls, 
89,70 
CTOuponl pneumonia, 51, 5! 
di]ihtherltie membrane, 66 
abrin Maiuing, 61, 52, 66, U9, 70 

Ykast, 101.167 
enzyme. 167, 168 
remienl, 161, 168 
invertiue, 161. 168 
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